AN

STATEMENT TYPE: ( ) Draft “ (X) Final Environmental Statement

PREPARED BY: The Strategic Petroleum Reserve Office, Federal
Energy Administration, Washington, D.C. 20461

1. Type of Action: ( ) Legislative (X) Administrative

2. Brief Description of the Proposed Action:

The Federal Energy Administration is considering the implementation
of Strategic Petroleum Reserve (SPR), Title I, Part B of the Energy
Policy and Conservation Act of 1975 (P.L. 94-163) through the
development- of a 58 million barrel crude oil storage facility at
the Bryan Mound salt dome. The purpose of the SPR is to mitigate
the economic impacts of any future interruptions of the petroleum
imports. Under the initial phase of the SPR, referred to as the
Early Storage Reserve (ESR), one hundred fifty million barrels of
0il will be stored by 1978. Of the different types of storage
facilities, existing solution-mined salt dome cavities are among
the most attractive for petroleum storage because of the relative
low cost of bulk storage and the extreme geologlcal stablllty of
rock salt masses. The Bryan Mound site, a salt dome with existing
cavities located in Brazoria County, Texas, has been identified as
a candidate site for the ESR because it offers the advantage of
large storage capacity, easy access to the distribution network,
and a relatively short preparation period. P
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3. Summary of Environmental Impacts and Adverse Environmental
Effects .

This site-specific EIS analyzes the environmental impacts caused
by site preparation and operation. Construction and preparation
of the storage cavities, dock facilities and pipelines would
degrade water quality by increasing the amount of suspended parti-
culates, toxic sulfides, heavy metals, arsenic, pesticides and
other toxic hydrocarbons. Marine operations (loading, unloading .
and transporting crude 0il) create the risk of oil spills which e
have the potential to disrupt fish and shellfish production, B
destroy non-mobile aquatic organisms and birds, and damage marsh
vegetation. Loading and unloadlng operations would also cause
evaporative hydrocarbon emission which would temporarlly exceed
the Federal standard.

Because of characteristics of Freeport Harbor the disposal
of ballast water extracted from tankers during unloading could
create a concentration of oil in the harbor which would have
the same potential of disrupting the aquatic ecosystem as oil
spills. The loading and offloading of crude oil from barges
and the hydrocarbon vapor losses from cil storage tanks would
increase the amount of hydrocarbon (in the form of volatile
vapors) released to the atmosphere in the Freeport area.
Hydrocarbon emissions to the atmosphere could cause increased
photochemical react1v1ty and-ozone concentrations in the Freeport
area. -
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Beneficial impacts include the economic gains associated with
additional employment and income in the Gulf region, as well as
protection from economic losses that result from petroleum supply
interruptions.

4. Alternatives Considered:

Alternative Storage Sites
Bayou Choctaw Salt Dome
Cote Blanche Island Mine
Weeks Island Mine
West Hackberry Salt Dome

Alternative Facility Components
Alternative Distribution Facilities
Alternative Brine Disposal Facilities
Alternative Displacement Water Supplies

No Action

5. Comments on the Draft Statement have been received from
the following:

i)

o

Advisory Council on Historic Preservation
Department of the Army, Corps of Engineers
Environmental Protection Agency

Nuclear Regulatory Commission

Texas Department of Agriculture
Governor's Energy Advisory Council (Texas)
Texas Parks and Wildlife Department

Texas Water Development Board

Texas Water Rights Commission

Velasco Drainage District

Dow Chemical Company

LOOP, Inc.

Seaway Pipeline, Inc.

6. Date made available to CEQ and the Public:

The draft statement was made available to the Council on
Environmental Quality and the public in September 1976.
This final statement was made available to the Council on
Environmental Quality and the public on January 7, 1977.
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l. DESCRIPTION OF PROJECT

1.1 BACKGROUND

This document is a final site specific Environmental Impact
Statement (EIS) for the proposed storage of crude oil at the
Bryan Mound salt dome located in Brazoria Countv, Texas.

This project is part of the Strategic Petroleum Reserve (SPR)
program currently being planned by the Federal Energy Adminis-
tration (FEA). Creation of the SPR was mandated by Congress
in Title I, Part B of the Energy Policy and Conservation Act
of 1975, P.L. 94-163 (the Act) for the purpose of providing
the United States with sufficient petroleum reserves to mini-
mize the effects of any future oil supply interruption. The
Act requires that within seven years the SPR contain a reserve
equal to the volume of crude oil imports during the three con-
secutive highest import months in the 24 months preceding
December 22, 1975 (approximately 500 million barrels). The Act
further requires the creation within three years of an Early
Storage Reserve (ESR) of 150 million barrels as the initial
pbase of the SPR to provide early protection from near-term
disruptions in the supply of petroleum products.

A draft programmatic EIS (DES 76-2) addressing the effectsE, .
of the SPR program as a whole was filed with the Council on *F
Environmental Quality and made available to the public on
June 25, 1976. The final programmatic EIS was filed on
December 17, 1976. That statement considers several different
types of storage facilties, including the use of existing solution-
mined cavities in salt formations and conventional mines, the
construction of new solution-mined cavities and conventional
mines, the use of existing and the construction of new convent-
ional surface tankage, and the use of surplus tanker ships.
The draft programmatic EIS should be consulted for a description
of each of these storage methods and the potential impacts which
might result from its use. The programmatic EIS also assesses
the cumulative impacts which could be expected from use of
various combinations of the different facility types.

Because of the severe time constraints placed upon the ESR
completion schedule by the Act, FEA will use sites which have
existing capacity that may be converted to oil storage for this
initial phase of the SPR (see Early Storage Reserve Plan, FEA,
April 1976). Potential ESR sites include existing solution-mined
cavities in salt domes, and existing conventional mines which can
be converted into storage facilities in a realtively short time.
A total of eight candidate ESR sites have been selected by means
of a screening process involving the application of a series of



glx criteria.* Of these eight candidate sites, only five are
alternatives to one another for the purpose of selecting ESR
storage sites to supply oil to refineries on the Gulf Coast, on
the East Coast, and in the Caribbean. The other three candidate
sites can only supply the inland refineries.

In addition to the Bryan Mound salt dome, the four other
alternative candidate sites able to supply the Gulf Coast, East
Coast and Caribbean market areas, include the West Hackberry
salt dome (Cameron Parish, Louisiana), the Bayou Choctaw salt
dome (Iberville Parish, Louisiana), the Cote Blanche salt mine (St.
Mary Parish, Louisiana), and the Weeks Island salt mine (Iberia
Parish, Louisiana). Section 7.1 includes a more detailed dis-
cussion of the rationale supporting the selection of the five
alternative sites and a brief summary of the impacts associated
with each of the other four sites besides the Bryan Mound
salt dome. Draft Environmental Impact Statements on all five
alternative candidate sites (DES 76-4 through DES 76-8, September
1976) were filed with the Council on Environmental Quality and
made available to the public on the same day so that the
environmental impacts associated with the possible use of these
sites could be compared with one another. EISs are also in
preparatlon for the other three sites and will be made available
prior to any subsequent site selectlon, as described in
Section 7.1.

. dal
<

v

*These criteria are capacity, distribution accessibility,
technical feasibility, potential environmental concerns, ease

of acquisition and cost. Section II.E.l of the programmatic
EIS describes in detail how the criteria were applied to approxi-
mately 300 salt domes and approximately 300 existing mines to
select 32 candidate SPR sites, including the eight candidate
ESR sites.
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1.2 PROPOSED FACILITIES

1.2.1 Concept for Storage in Salt Domes

The use of salt domes for petroleum storage is attractive
because of both the relative low cost of such bulk storage
and the extreme geological stability of rock salt masses.
In addition, being deep underground provides security f;om
natural catastrophes or sabotage. In the Gulf Coast region,
over 50 salt domes, both onshore and offshore, appear
feasible for development (see Figure 1l.l1).

Salt domes are a major source of brine feedstock for
chemical and salt industries in the Gulf region. Cavi-
ties are formed by dissolving the salt with circulating
water and pumping out the resulting brine (see Figure
1.2). The process requires a large volume of leach
water (about 7 barrels fresh water or about 8 barrels
seawater for every barrel of space created). Some of
these cavities are currently used to store a number of
petroleum products. In the U.S., the products stored
are primarily LPG products such as propane, ethylene,
etc., as well as some fuel 0il. Although crude oil
storage in solution cavities does not present particular
technical problems, it has been done principally in
other countries.

Both existing salt dome cavities and new cavities to be
developed are being considered for the Strategic Petroleum
Reserve. Salt domes with existing cavities have been
identified as candidates for the Early Storage Reserve
(ESR) because they require less time to prepare for oil
storage. Approximately 900 cavities with a total capa-
city of 300 million barrels are known to exist in salt
domes and bedded salt formations. In some cases it

is feasible to enlarge existing cavities or to leach
additional cavities at selected sites.
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1.2.2 Proposed Storage Site

The Bryan Mound Strategic Petroleum Reserve facility is
currently designed to store about 58 million barrels of
crude oil in the Houston/Seaway storage region. The site
was chosen as a candidate site because of its proximity
to dock facilities at Freeport and the Seaway Tank Farm
4-miles to the west. Through the Freeport dock
facilities, crude can be delivered to Bryan Mound

for storage and later transported to any production area
serviced by port facilities. 1In addition, Bryan Mound
crude can be delivered to the Seaway system through its
tank farm.

It will take an estimated 1l-1/2 years (including property
and materials acquisition, regulatory approvals, etc.)

to construct the storage facility at Bryan Mound, after
which crude oil could be accumulated at the rate of up

to 385,000 barrels per day. The facility's full storage
capacity is expected to be reached in approximately 2-
1/4 years.

1.2.3 Location

The Bryan Mound dome is in the southwestern part of
Brazoria County, Texas. It lies about 3 miles southwest

of the city of Freeport, 65 miles south of Houston and

45 miles southwest of the Texas City/Galveston area

(Figure 1.3). The dome site itself is bordered on the

West by the Brazos River Diversion Channel, which was
diverted in the 1940's to provide a suitable harbor in

the old River for the Brazos Port area. The dome is
located just north of the Intracoastal Waterway (ICWW)

and the Gulf of Mexico lies only 2 miles south (Figure 1.4).
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Protective levees lace the entire Freeport area. Some
of these levees form a protected triangular area south
of'the city of Freeport. At the southwestern vertex of
this protected triangular area lies Bryan Mound, a
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surface exoression above the salt dome rising about 15

feet above the surrounding marshland. The protective
triangle of which Bryan Mound is a part encompasses some
3.4 square miles which is drained of excess surface
water by two large pump stations; however, the protected
triangle still contains several small lakes covering
about 0.4 sguare miles.

A paved road leads from the city of Freeport, along the
top of the levee beside the new Brazos River Channel,
past the entrance to the storage site. Shell roads pro-
vide access to the facilities at the site, including the
wellheads of the 4 cavities of interest to the Strategic
Petroleum Reserve program. A shell road continues along
the southern leg of the levee that parallels the Intra-
coastal Canal, and joins another paved road that leads
back to Freeport.

1.2.4 Development Capacity

During the proposed project life, it is assumed that there
would be five fill and withdrawal cycles. This process
would cause additional leaching of the existing storage
cavities. A total of 70 percent to 86 percent enlargement
is expected, depending upon actual solubility conditions.
Although the cavity enlarges, it is presently planned

that only the volume of crude o0il withdrawn during a

given cycle would be replaced during the £fill operations.
Although there are no plans at this time either to enlarge
the present cavities or to develop new cavities, it would
be possible to place up to 10 cavities each of 10 million
barrels capacity in the Bryan Mound dome.

RIFry
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1.2.5 General System Description

The general physical plant for the proposed Strategic
Petroleum Reserve facility at Bryan Mound consists of
storage cavities, pipeline connections to a central
pumping and control facility, holding tanks at the site,
a crude oil distribution network, a raw water supply
system, and a brine disposal system. This system is
schematically illustrated in Figure 1.5.
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Five cavities have been generated within the dome by brine
solution mining. Of these 5 cavities, 4 (those labeled 1,
2, 4, and 5 by Dow Chemical Company) have been identified
by Dow as being appropriate for crude storage. Cavern
number three is too large to be used for crude oil storage.
It would become potentially unstable after five cycles

of filling and withdrawing oil. The location of the wells
of these 4 cavities are shown in Figure 1.6, and pertinent
data on the cavities are presented in Table 1.l1l. The
total capacity of these cavities is 66.6 million barrels;
however, about a 10 percent volume loss in roof pocket
sumps, and a retained brine safety layer is assumed in
computing the space available for SPR Program storage.

. Therefore, storage of only 58 million barrels is being

planned.

Crude o0il pipelines would run from the dome site to the
Seaway Docks in the 014 Brazos River harbor and from the
site to the Seaway Tank Farm (see Figure 1.7). Four
400.000~-barrel, holding tanks would be located at the dome
site.

Raw water to be used for crude displacement during
withdrawal would be supplied by Dow Chemical Company from
their private reservoirs.
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Brine displaced from the cavities$ during crude filling
operations would be used as production feedstock by Dow
Chemical Company's Plants "A" and "B." It would be
transported to the plants through existing pipelines.

1.3 SITE DEVELOPMENT AND CONSTRUCTION

1.3.1 Physical Facilities

The storage site layout {(Figure 1.6) presents both
existing and planned facilities. Existing facilities
include roads, brine lines to plants, brine and other
pits, and Dow pump houses. New wells would be drilled
to the existing cavities and new oil, brine, and water
lines would be constructed between the wells and the new
pump house. A new fresh water line from Plant "B" would
be required. The oil distribution system on the site is
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Table 1.1 Bryan Mound Cavity Data t

I

Cavity No. Cavity Depth (ft) Approximate Volume
Top Bottom Radius (ft) (MMB)

1 2,425 2,862 175 7.5

2 1,465 1,679 220 6.6

4 2,551 3,140 230 17.3

S*u 2,140 2,697 180 10.2 3

5*1 -= - -- 25.0
66.6

T Data received from Dow Chemical Company

% #¥5 Cavern consists of upper (u) and lower (1) caverns.
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new, and includes the 4 holding tanks, the 30-inch lines
to the dock and the Seaway Tank Farm, and the lines
between the temporary storage tanks and the new pump house.
All oil, brine, and water lines would be buried.

An engineering layout of the storage facility (Figure 1.8)
shows the various major components and their interfaces.
Design requirements associated with the various components
such as volume of tanks, pump horsepower, maximum flow
rates, and anticipated line pressures are also given.

Cavity Preparation

New well holes would be drilled to the 4 existing cavities
to accommodate pipe strings of appropriate sizes to
obtain the required water/brine and crude flow rates into
and out of the cavities. fThese new well holes would be
drilled within about 50 feet of the existing holes by
drilling rigs that Dow Chemical Company uses in its brine
operations. If required by the schedule, Dow would drill
two of these new holes simultaneously. Typical motors
associated with the drilling operation at a well include
a 820 horsepower generator used for the drilling and

500 horsepower to 730 horsepower motors for the mud
pumps. The mud used would be retained onsite in above
ground steel tanks during drilling operations, then
removed from site afterwards.!

Prior to the drilling operations, the area around the
new well sites would probably have to be gravel~filled
and shell-covered in order to assure support for the
drilling equipment.

The wellheads for the new holes would be designed to
support the required casings and pipe strings. The well-
heads would be cemented into the surface. The high flow
rate requirements dictate casing sizes that are larger
than usually found in o0il field operations. A 30-inch
surface casing would be cemented to the top of the caprock
and a 24-inch casing would be cemented into the salt dome.
The crude string would be a 20-inch pipe cemented into

the top of the cavity, while the brine string of 13-3/8-

inch pipe would be lowered to near the bottom of the cavity.
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Buildings, Dock Facilities, and Harbor

One new building required on the dome site is a pump
house. This structure would be about 65 feet by 100

feet in size and would house all of the electrical equip-
ment such as starters, breakers, meters, and pumps. The
pumps to be housed in this building at the dome site

are listed in Table 1.2.

It is anticipated that the pump house buildings both at

the dome site and at the dock would be steel framed
buildings with corregated tin sides and roof. The buildings.
would rest upon concrete slab foundations with raised
concrete pads for the pumps.

In addition, a ballast water treatment facility, to be
located at the dock site would be required to process
the ballast water that is withdrawn during the loading

of the tank ships. The facility would consist of: (1)
two 50,000 barrel separation tanks in which the ballast
waste will settle for 2 or 3 days, (2) a 15,000 barrel
emulsion treating facility with steam and aeration treat-
ment capability, (3) a 10,000 barrel slop tank for the
temporary storage of oil wastes removed from the ballast
water, and (4) two oilfield type separators for additional
0il removal through baffling just prior to ballast water
disposal. This facility would reduce the oil content in
the ballast water to a maximum monthly average of 7 ppm
prior to disposal. As currently planned the treated water
would be discharged into the Freeport Harbor (see Figure 1.7).
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The proposed plan is to use the Seaway, Inc. docks, pres-
ently under construction. The facilities at the dock
would consist of a small structure (approximately 30 feet
by 50 feet) to house the pumps, meters, and other electri-
‘cal equipment required at dockside, as well as a small
office to handle crude transfer transactions. The dock
would be capable of loading or unloading tankers of up

to 50,000 DWT. Tanker size determines the pump (Table
1.2) and hose sizes (10~, 12-, and l6-inch) at the

docks. The monitoring system located at dockside
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Table 1.2 Bryan Mound Pump Data

Pump . Size kHP) Flow Rate (gpm) Pressure
Description Location Number Type System lEach Pump System lPer Pump (PSI)
Crude Pipeline Dome 6 Electric 2100 500 26,000 6,500 100
Crude Injection Dome 10 Electric 5000 500 11,700 1,170 550

Centrifugal
Crude Pipeline Dock 4 Electric 1500 500 17,500 5,800 100
Water Injection Dome 3 Electric 1150 500 . 13,000 4,300 100
Centrifugal
Brine Pipeline Dome 3 Electric 1400 500 11,700 3,900 150
Water Pipeline Plant "B" 4 Electric 1150 300 14,000 3,500 100
Transfer Pumps Dome 8 Electric 640 80 26,000 3,300 75
(Primer 0il)
Transfer Pumps Dome 4 Electric 400 100 13,000 3,300 75
({Primer, Fresh
Hy0)
Transfer Pumps Dome 3 Electric 300 100 11,700 5,800 75

(Primer, Brine)

Values estimated.
Part of Dow Chemical Company's operations - not directly a part of this Storage Facility.
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would consist of two 1l6-inch positive displacement (P.D.)
meters, two associated l6-inch deaerators, and a single
8-inch P.D. meter with an 8-inch deaerator. Each 1l6-inch
deaerator/meter system would be capable of handling
13,000 barrels per hour (9,100 gallons per minute) while
the 8-inch system would handle 2,300 barrels per hour
(1,610 gallons per minute).

When the dredging for the Seaway facilities (currently
under construction) is complete in early 1977, the harbor
will be able to handle up to 50,000 DWT tankers, light
loaded (so the maximum draft would not be exceeded).
Therefore, no further dredging of the harbor or its entry
is anticipated.

Steel Surge Tanks

The four 400,000 barrel floating roof tanks are constructed
onsite, adhering to American Petroleum Institute (API)

and American Society of Mechanical Engineers (ASME)
construction codes. They all will have adequate spill
retention dikes, fire prevention systems, and security
fences.

kAt
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Displacement Water Supply

The proposed displacement water, which would be required
to withdraw crude from the cavities, would be supplied by
Dow Chemical Company. A 24-inch pipeline capable of
handling the required 480,000 barrels per day (14,000 gpm)
would be laid between Bryan Mound and Dow's Plant "B"
along the protected side of the levee adjacent to the
Brazos River. Within Dow's Plant "B," water would be
taken from a canal which brings water a distance of 15 to
25 miles to both Plants "A" and "B" from two reservoirs,
Brazoria Reservoir and Harris Reservoir, developed and
owned by Dow Chemical Company. The water for these
reservoirs is purchased from the Lower Brazos River
Authority during high water stages.

Brazoria Reservoir is located just north of the Brazos
River at a point 6 miles rforthwest of the Brazoria County
Airport in Lake Jackson, while Harris Reservoir is 8
miles northwest of Angleton on Dry Bayou.
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Bach of these reservoirs has a surface area of 5,000 to
6,000 acres, and a depth of at least 10 feet.! Therefore,
the volume of each of the reservoirs is at least ten

times the projected displacement water requirement for

a crude withdrawal.

The 5-mile long pipeline between Dow Plant "B" and Bryan
Mound is to be concrete-reinforced pipe. This line would
be laid along an existing Dow right-of-way to the mound.

Surge capability for the displacement water supply system
would be handled through existing pits at the dome site.
Water would flow into the pit from the 24~inch line; then,
as required, the water would be pumped into the cavities

by the appropriate onsite pumps (see Table 1.2) to displace
the crude. The onsite water lines are shown in Figure

1.6. These lines double as brine lines during the f£ill
process.

Brine Disposal

The proposed system is designed so that Dow Chemical
Company Plants "A" and "B" can use all of the brine forced
from the cavities during crude fill operations. The system
would have a maximum brine generation rate of about 16,700
barrels per hour (11,700 gallons per minute). As the
brine is forced from the cavities, it would flow through
various pipes into open brine pits on the dome site (see
Figure 1.6). These pits act as surge tanks. The brine
would be pumped from these pits to the Dow plants through
existing seamless, steel pipelines by pumps located in

the onsite pump house (see Table 1.2). Three 8-inch lines
go to Plant "A," while two 8-inch lines and one 12-inch
line go to Plant "B." The 8-inch lines have transported
brine in the past; however, the l12-inch line has been

the leach water line during previous dome operations. It
would be converted to a brine line for the Strategic
Petroleum Reserve Program. All of the lines are rated

for over 300-psi operations while operating pressures
during this project should be near 150 psi. Routes of
these brine lines are indicated in Figure 1.7.



Receipt and Distribution of Crude 0Oil

The cavities would be filled with crude which would be
brought to the dome by tankers. These tankers would
unload the crude at the dock facilities and the crude
would be metered before being pumped to surge tanks at
Bryan Mound site via a 30-inch pipeline. The route of
this 30-inch line is shown in Figure 1.7. The maximum
flow along this line, dictated by the design of tanker
loading or unloading within 18 hours, is 25,000 barrels
per hour (17,500 gallons per minute).

At the Bryan Mound site four 400,000 barrel steel surge
tanks are proposed to temporarily store sweet crude and
sour crude. This temporary storage would allow continuous
brine supply to the Dow plants during period of £filling.
Several tankers are expected to be unloaded at the rate

of approximately one each 24 hours with an actual pumping
period of 18 hours per vessel. Likewise, it would allow
a smooth scheduling of tanker loading during a drawdown
cycle.

The pump house operations at the site would allow the
crude from the dock either to go directly to a desired
cavity through the onsite metering system, or to be
temporarily stored in the appropriate tanks prior to
cavity injection. This onsite metering system would
consist of two l2-inch deaerator and P.D. meter sets,
each having the ability to handle 6,000 barrels per hour
(4,200 gallons per minute). The size of the various
onsite crude lines are shown in Figure 1l.6.
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1.3.2 Land Requirements

The Bryan Mound Strategic Petroleum Reserve Facility
would require 30 acres of land for site construction and
3 acres for docking facilities. A right-of-way that
would include approximately 45 acres would be necessary
for the pipeline which would connect the storage site
with the docking facilities. A right—of-way that would
include 54 acres would be necessary for the pipeline
which would connect the site with the Seaway Tank Farm.
Approximately 15 acres would be disrupted in the laying
of a new 24-inch fresh water line to Dow's Plant "B".
The new pipe would follow Dow's existing right-of-way.
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The surface rights and mineral rights to the land directly

over the center of the dome are leased by Dow Chemical Company

from Freeport Minerals, which owns most of the land over the .
dome. Surface rights at the dock are controlled by Seaway,

Inc.

1.3.3 Road Construction and Other Grading

The Bryan Mound dome site has a number of existing shell
roads including those to each of the cavities being
considered. Since new well holes would be drilled into
each of the cavities to allow properly sized access for
the Strategic Petroleum Reserve project, it is possible
that slight extensions to these roads may be regquired.

An asphalt roadway exists atop the entire protective

levee along which lie the fresh water line and brine lines
between Dow Plant "B" and the dome site. The lines that
would carry brine to Dow Plant "A" already exist, and suf-
ficient access to these lines exist to perform surveil-
lance. “Therefore, no additional roadways would be required
for these lines.

The land through which the crude pipelines would be laid
is sufficiently firm during most. of the year to allow
construction, surveillance, and maintenance without sup-
portive roadways.
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Safety dikes would be constructed around each of the

crude 0il surge tanks to contain any spilled crude should .
a leak occur. This would consist of bulldozing about

20 acres to a depth of approximately 2 feet below the

surface and using the dirt to construct a dike at least

7 feet above the original surface plane.

1.3.4 Pipeline Construction

The general pipeline construction technique employed in
this marsh area is the push ditch method. A ditch approx-
imately 5 to 10 feet wide is dug along the pipeline right-
of-way. This ditch automatically fills with water because
the natural water table is at the surface. The pipe
joints, each about 40 feet long, are assembled at a
convenient push site and the pipeline is pushed forward
into the dité¢h as the length of another joint is attached.



The pipeline fabrication process consists of welding
the joints of pipe together and applying appropriate
corrosion protection material. A vehicle travels along
the ditch with the front of the pipeline, guiding the
line and aiding with the starting and stopping of the
assembly as the process continues. After the pipeline
is assembled and in its desired location, it is filled
with water to sink it to the bottom of the ditch.
Finally, the ditch is filled, the surface of the right-
of-way smoothed, and the pipeline route marked.

Four types of special areas exist along the proposed pipe-~-
line rights-of-way: Protective levees, roadways, the Brazos
River Diversion Channel crossing, and the Jones Creek crossing.
The procedure employed at the protective levees is to bore

a hole under the levee at the proper depth. A breather

casing is placed through this tunnel and the levee £ill

is repacked around this casing. Then, the pipeline

is drawn through the breather casing. The purpose of

the breather casing is to allow ready pipeline leak

detection and to allow any eventual pipeline replacement
without again affecting the levee. - Cut-off collars with
compacted backfill will be installed at the points at

which the pipeline both enters and leaves the levee.

Once the line is in place, the levee must be tested to

assure design integrity per U.S. Corps of Engineers
regulations. Pipelines are placed under roadways in a fashion
similar to that used for the levee crossing except that the
integrity check is not required.

A U.S. Corps of Engineers' construction permit is required
whenever a pipeline crosses a navigable waterway. The pipeline
laying process across the Brazos Diversion Channel requires
dredging a ditch with a depth of at least six feet to bury
the pipeline. Approximately 15,000 cubic yards of naturally
occurring clays and silts would be excavated, placed on the
banks, and contained for use as backfill. After the line is
placed in the ditch, it would be connected to the onshore
pipelines. Pneumatically operated block valves will be
installed on both sides of the diversion channel, so that if
a leak oecurs in the under channel section, it can be quickly
isolated. The ditch will be backfilled with dredged material.
The bottom will be smoothed and the ground surface, including
the bank and surrounding marsh, will be restored to as near

~original condition as possible.

The Jones Creek pipeline crossing will be carried out using
the same procedures. Approximately 950 cubic yards of
naturally occurring clays and silts will be excavated and
backfilled.
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1.3.5 Power Requirements

Most of the pumps and other equipment used onsite would
be electrical. It is anticipated the power required to
operate the various facilities at both the dome and the
dock would be obtained from the Houston Power and Light
Freeport Substation which is about 2.5 miles from the
dome. This would involve the installation of a 3 phase
12 kilovolt-ampere power circuit.

1.4 OPERATION AND MAINTENANCE PROCEDURES

1.4.1 Operating Procedures

1.4.1.1 Storage Phase

The storage phase is that relatively dormant time period
between when the cavities are filled to design capacity
and when the crude is needed for a national emergency.
During this interim period, the only activities would be
security and maintenance checks. However, readiness for
activation during an emergency may require keeping some
trained operations personnel available and familiar with
the site.

Security Measures
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Security measures for the Strategic Petroleum Reserve
facility are those standard for petroleum storage facili-
ties. The main storage site is fenced and properly
lighted. All wellheads have pneumatic gate valves on
brine and crude lines to allow for remote control. These
controls plus all electrical equipment are housed in a
security building. Also, all pipelines are monitored with
pressure switches at each end of the line for early detec-
tion of leaks. The facility maintains standard fire
prevention systems and warning devices.

Equipment Testing and Maintenance

During this storage period, all equipment is serviced and
tested on a regular basis to ensure proper working order.
Pumps, pressure valves, and safety equipment are lubricated
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and operated at least once a month. Maintenance crews are
on duty on a 24-hour basis.

1.4.1.2 Ektraction Phase

The Strategic Petroleum Reserve program requires an emer-
gency deliverability of stored o0il over a 5 month period.
Thus, average delivery rates for a 58 million barrel facil-
ity are 385,000 barrels per day (11,230 gallons per minute);
however, considering that delivery through tankers might be
required, the system is designed for simultaneous delivery
of 13,000 gallons per minute to tankers at Seaway docks and
13,000 gallons per minute to the Seaway Tank Farm. The
facility's systems are designed to handle this maximum
delivery rate. ' '

Recovery Process

Crude oil stored in each salt cavity is recovered by pumping
raw water into the bottom of the cavity, thus displacing the
0il through the concentric tubing at the top of the cavity.
A total system raw water maximum injection rate of 14,000
gallons per minute is required to meet the crude delivery
rate; the raw water injection rate at each cavity depends on
cavity volume and operational configuration at the time.

The o0il leaves each wellhead at a pressure of apout 100
pounds per square inch, a pressure capable of transporting

the oil by ripeline to the distribution system surge tanks.

bt
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Distribution

Both the Seaway dock at Freeport Harbor and the Seaway
pipeline through the Seaway Tank Farm are anticipated
distribution systems for the Bryan Mound facility. (See
Figure 1.7) Crude shipped through the dock facilities would
be loaded on up to 50,000 DWT tankers for transportation to
coastal refineries in PAD 1 or III or in the Caribbean. PAD
stands for a Petroleum Allocation District. The crude
distributed through the Seaway system would reach refineries
in PAD II or 1IV.



1.4.1.3 Refill Phase

After an oil supply interruption has ended,refill of the .
Strategic Petroleum Reserve stroage facility is planned,

provided that supplies are stabilized and crude is available

for additional storage reserves. The rate of fill depends

upon the availability of crude.

Refill Process

The refill process is the reverse of the recovery process.
The crude o0il is injected into the top of the storage
cavity, thus displacing the brine which in turn goes

to the Dow plant. The brine disposal systems and distri-
bution system is sized to handle a fill rate equal to

the extraction rate, i.e., 11,230 gallons per minute

or 385,000 barrels per day for a 5-month period.

Refill Capacity

Five fill and withdrawal cycles are designed for the
Strategic Petroleum Reserve system. Although the cavern
capacity enlarges during each cycle, only the original

design capacity for each cavity would be refilled. This ??,-
reduces somewhat the continued leaching process. TE
1.4.2 safety Precautions .

1.4.2.1 Protective Control Devices

All storage cavity wellheads would be equipped with
(1) hydrocarbon detection devices to protect against
overfill, (2) pneumatic gate valves on crude and brine
wellhead openings with high-low pressure switches for
remote control of safety valves, and (3) valve limit
switches, signal devices and alarms.

Pump control and protective devices would be installed
on all major pumping equipment to monitor critical
operating variables and to automatically shut down the
affected equipment in the event that an unsafe operating
condition develops.



Pump station emergency shutdown systems would be installed
at all stations to allow the shutdown and isolation of
‘the pumping station in the event of an emergency. Pipe-
lines would have meter bases and pressure switches moni-
tored at each end as a precaution against leaks. Pressure
relief valves would be installed on piping, equipment,

and pressure vessels as needed to prevent these systems
from exceeding safe limits.

1.4.2.2 PFire Protection

Pump stations and meter stations would be provided with
portable fire extinguishers installed, classified, rated,
and selected in accordance with applicable standards

of the National Fire Protection Association.

Surface o0il holding tanks at the distribution terminal

would be equipped with standard sprinklers and foam fire
prevention systems.

l1.4.2.3 Corrosion Protection

All buried portions of the pipelines would be externally
coated with a protective coating. Where required, the
pipeline would be installed in breather casings at highway,
or levee crossings with insulators and spacers to electri-
cally isolate the pipelines from the casing.

l1.4.2.4 Protection from External Damage

All electrical equipment, pumps, and control systems would
be housed in buildings and placed on concrete pads for
protection against most flooding. ' Protection of the
pipelines from external damage would be provided by
burying them and by marking their location. Additional
mechanical protection for that portion of the pipelines

in areas of swamp or marsh and at waterway crossings

would be provided by the external coating of wire mesh
reinforced concrete.

1-27

bl

mew

L



1.4.2.5 Protection of Local Surface Environment

Points in and around pumping stations, where o0il may be ‘
drained from the system during normal or emergency opera-

tions or maintenance, would be appropriately diked and

provided with waste sumps. Waste o0il collected in this

manner would be returned periodically to the storage system.

All surface tanks are required to be enclosed in adequate
retention dikes to protect the area environment from leakage
of crude. This is consistent with the Spill Prevention

Control and Countermeasures Plan requirement of 40 CFR 1ll1l2-
7.

1.4.2.6 Security

The construction and maintenance of the proposed Bryan
Mound SPR facility would reguire 30 acres of a 150 acre
piece of land that Dow Chemical currently leases from
Freeport Minerals. This 150 acres is presently enclosed
by a 3 or 4 strand, barbed wire fence which keeps cattle
that are grazing in the general area from entering the
site. This fence may be replaced by a more secure one,
for example, a 9-foot chain link fence. Other fencing
would be needed around high-voltage areas or other danger

zones. Since the facility operates on a 24-hour basis, ik
personnel would be on duty at all times. All fenced g
facilities would have warning signs posted conspicuously '

to warn the public of the nature of the facility. .

-
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2. DESCRIPTION OF THE ENVIRONMENT

The regional environmental setting of the project
encompasses the entirety of Brazoria County, Texas. Located.
on the Texas Gulf Coast, Brazoria County lies in a coastal
plain environment comprised mainly of coastal prairie and
marsh. The coastal prairie represents 412,700 acres and the
marsh 84,000 acres of the total 962,276 acres (including
water bodies) within the county.

Brazoria County is a part of the Gulf Coastal Plane
Physiographic Province. This province is characterized by
flat featureless plains, bordered along the Gulf of Mexico
by shallow bays, barrier islands and beaches. Brazoria
County lacks the large bays and barrier islands that
generally characterize Texas coastal areas. A poorly
developed drainage pattern, characterized by many marshes
and swamps, exists in the coastal area. Surface drainage is
into the Gulf of Mexico.

Most of the Texas coast is made up of recently derived
Holocene sediments overlying sediments of Pleistocene
origin. Pleistocene sediments outcrop near the site and
include clays, shells, and concretions indicative of their
marine origin. This unique beach front extends only from
Freeport, Texas to the Colorado River (a distance of about
S0 miles) forming the parent material for the various
environmental units which have become established along this
portion of the Texas coast. Elevations within the county
range from sea level along the coast to a maximum of 60 feet
above mean sea level in inland areas. The Bryan Mound site
rises to about 15 feet above mean sea level. The San
Bernard and Brazos Rivers are used to a limited extent for
rice farming irrigation. The San Bernard River receives
relatively large amounts of industrial effluent and is high
in salt content. Within the county neither river is
potable.
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The environment which may be affected by the construction
and operation of a Strategic Petroleum Reserve (SPR)
facility at the Bryan Mound salt dome includes the areas of
the storage site, pipeline rights-of-way, and tanker dock
facilities. Brine displaced by o0il during filling of the
cavities would be used by the Dow Chemical Company.

This section of the report identifies and describes those
factors of the environment which may be affected by the
project.



2.1 LAND FEATURES AND USES
2.1.1 Evolution of Salt Domes

The Bryan Mound salt dome is one of nearly 450 salt domes in
the Gulf Coast region of the United States and Mexico. The
salt in these domes was originally deposited in a broad
shallow sea during Jurassic time (130 to 200 million years
ago). Since then the salt basin was buried to depths of
15,000 to 35,000 feet by pelagic sediments of the Cenozic
age. In general the salt was deposited in horizontal beds,
but due to alternating periods of deposition and erosion the
sarface of the salt had topographically high areas. Since
the mechanism of initiating salt dome growth is one of
isostatic adjustment, it was some of these topographic highs
that began to rise first and eventually formed the nucleus
of present day salt domes.?! The salt begins to rise because
the overlying sediment has an average density that is
greater than the density of the salt (2.164 gm/cm3). The
sediment overlying the topographic high has a lower density
than the sediments overlying the salt on all sides of the
high; consequently the salt flows laterally and up toward
the area of least resistance, namely the topographic high.
Approximately 4,000 feet of overburden is needed to exceed
the density of the salt, and a sediment depth greater than
that will cause upward movement of salt.2
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It was the size and shape of the original surface
irregularities of the salt that controlled the early rates
of vertical movement. This in part explains the differences
in the present day size of salt domes.

As the salt rises, sediment stretching and normal block
faulting occurs in the overlying sediments. The increasing
permeability along the fault planes allows the relatively
easy descent of meteoric water. This water combined with
existing ground water leaches the upper leading edge of the
salt dome, leaving various insoluble residues: primarily
anhydrite, with minor amounts_of dolomite, calcite, barite,
pyrite, quartz, and sulphur.3 The continuing rise of the
salt further fractures the caprock, allowing deeper water
percolation and additional salt leaching, and hydration of
the upper® anhydrite layers. The result is a thickening of
the caprock and the formation of gypsum. These residues
are the prime constituents of the salt dome caprock.



2.1.2 Regioenal Geology

The Bryan Mound salt dome lies within the Gulf Coast
geosyncline which, in the area of the dome, is characterized
by about 15,000 feet of poorly consolidated Miocene and
younger sands and shales. The dome is located north of the
geosynclinal axis which during early Miocene time had a west
southwest trend. The monoclinal strata of the geosyncline,
through which the salt is rising, dip in a southeasterly
direction. The ‘Miocene sediments are faulted by normal dip
slip faults that strike northeast and are down thrown on the
basin side.

Little surface expression of regional geological structure
exists. A geological map of the country (Figure 2.1) shows
a simple outcrop pattern which is related to the regional
dip. some of the salt domes of the area have produced
mounds or sinks in the surface although many have no surface
expression of faults.

The softness of the rock underlying the area permits
deformation to take place without brittle fracture,
consequently seismic activity in the Gulf Coast region is
very low. The National Oceanic and Atmospheric
Administration (NOAA) has classified the United States into
four zones with differing degrees of expected seismic risk.
These subdivisions are based upon the recorded history of
past seismic activity. Zone 0 covers areas having no
reasonable expectancy of surface earthquake damage; Zone 1,
expected minor damage; Zone 2, expected moderate damage; and
Zone 3, possible major destructive earthquakes.

bRt
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The Bryan Mound dome project area lies within the boundary
of seismic risk Zone 0. However, in order to acquire more
specific information, an earthquake data search was
requested from the NOAA seismic information service. This
NOAA office has catalogued the records of all known tremors
occurring since the mid 1800s. The data search was.
requested to cover the rectangle from 28955' north to 30019¢
north, and from 90°10' west to 95°45' west. The results of
the search indicated that no earthquakes have been recorded
in the Bryan Mound area.

2.1.3 local Geology
The Bryan Mound salt dome diapir is the principle structural

element of the local geology. The summit of the dome rises
from an elonggted mass of salt at a depth of 15,000
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Figure 2.1. Geological ‘Map of Brazoria County, Texas showing location
of Bryan Mound Dome. (Legend on next page.)
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Figure 2.1 (continued). Legend for geological map of Brazoria County, Texas
showing location of Bryan Mound Dome.
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feet (Figure 2.2). Deformation caused by the combination of
upward movenent of the salt and settling and compaction of
the sediments has produced a system of subsurface faults and
flexures over the flanks of the diapir. Away from the dome
the sedimentary rock formations have a gentle to moderate
dip toward the southeast.3 Unconsolidated and partially
consolidated muds, sands, and shales of Recent, Pleistocene,
and Pliocene age overlie the central portion of the dome
(see Figure 2.3).+,5,9¢,7,8 Unconsolidated and partially
consolidated sands and shales of Pliocene and Miocene age
extend to a depth of 15,000 feet on the flanks of the dome.
Above the dome, the sediments have been forced upward by the
salt, forming a mound with an elevation of 15 feet above
mean terrain.

surface Waters

Bryan Mound is surrounded by marshland and numerous bodies

of water. On the edge of the site are two natural ponds.
These waters are predominantly brackish or saline. Their
salinities vary up to 15 ppt depending on the season and
flood stage of the Brazos River. The dredged Brazos River
channel runs just west of the dome. In the project area, Jones
Creek is 1.25 miles west of, and runs parallel to the Brazos
Diversion Channel. Mud Pit (Lake), on the southeast corner of
the dome, lies just outside of the storm protection levees.

gl
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Subsurface Waters

Geologic units containing fresh or slightly saline water in
Brazoria County are the Goliad sand, Willis sand, Bentley
formation, Montgomery formation, and the Quaternary
alluvium. These formations are generally of similar
composition consisting of sand, silt, and clay or shale.
The units range in age from Pliocene to Holocene (Figure
2.3). :

In general, each aquifer contains fresh water in its higherx
portions and saline water where it dips to greater depths.
Over much of the county the water table is declining because
of high rates of pumping. Ground water overdraft has caused
land surface subsidence in the Freeport area.®

2.1.4 soil

Soil series in the vicinity of the Bryan Mound dome include
the Harris-Vestan~Galveston Association (nearest the Gulf)
and the Moreland-Pledger-Norwood Association (along the
Intracoastal Waterway and lower Brazos and San Bernard

2-6
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Figure 2.2. Generalized cross section and structure contour map of
the Bryan Mound Dome.
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Rivers) .?,19 Much of eastern and northern portions of
Brazoria County contains the Lake Charles-Edna-Bernard
Association.1° Along both the Brazos and San Bernard Rivers
in the northern part of the county, the Miller-Norwood-
Pledger Association is found.?,1°9 The Lake Charles-Edna-
Bernard Association is classified as a "Vertisol" while the
other three associations in the county are grouped in the
s0oil order known as "Mollisols."19 From the beach-gulf
intexrface to the low marshland south of the Intracoastal
Waterway, the Harris-Veston-Galveston Association exists.
Soils in this Association vary from the clayey Harris series
in old tidal flats, through a loamy Veston series, to sandy
Galveston soils which occupy the highest elevations.? The
Harris soils are largely montmorillonite clay, while the
Veston soils are intermediate between Harris and Galveston
soils and are loamy in texture. These soils are derived
from marine and deltaic sediments and are near neutral to alkaline
talcareous) in the surface layer. Many soils in the Bryan
Mound vicinity of the Harris-Veston-Galveston Association
are classified as saline-sodic and have an extremely high
salinity which limits plant growth.? Many of the areas
covered by these soils are subjected to frequent. inundation
by seawater.
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The Bryan Mound dome along with much of the Gulf Coast
Prairie is situated in an area of the Moreland-Pledger-
Norwood Association. Soils in this association are
calcareous, clayey, and loamy in texture. They were derived
from recent flood plain alluvium.? These soils also are
mixed with a considerable amount -of montmorillonite and are
moderately alkaline and calcareous to neutral in the surface
layer or present a moderate surface salinity hazard to
plants while subsoils are much higher in salinity.

Soils along the Brazos and San Bernard Rivers in the
northern part of Brazoria County are developing as a Miller-
Norwood-Pledger Association. Soils in this association also
are clayey, loamy, and calcareous with an appreciable amount
of montmorillonite. They present no surface salinity
limitations to plant growth, but have a high salinity hazard
in the subsoil. Fluvial woodlands are located on these
soils in the northern part of the county. Table 2.1
presents a brief summary of soil characteristics for the
soil associations of the site and for the region (Brazoria
County). Typical vegetation found on these soils :also is
given.
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Table 2.1 Soil Characteristics of Four

and at the Bryan Mound Dome

Soil Associations Found in Brazoria County

Setting Minaral and Limitations
sotl Annual Raintall Chemical Typical and special Land
Assaciation on Soil fagolith Aalief Properties Vegetation Features Uses
Lake Charles ~ Edna - | 25-50 inches Clayey and Lavel to Montmoxrillonite; strongly |Tall grasses, |Wet; high shrink- Crops,
Bernard loamy; deltaic| nearly acid to moderately alka~ |live ocak swell potential; very |irrigated
sediments level line in surface layer; slow permeabilaty; Crogs,
increasing alkalinity high corrosion poten~ |pasture,
with depth tial; high sodium in range,
lower layers; savere wvildlafe,
residential foundation | urban
problems
Harris - Veston - 25-55 inches Clayey to Lavel to Montmorillonite and Cord grassea |Wet, high corrosion Range,
Galveston sandy; marina | gently mixed; neutral in surface }and other potential; high urban,
and deltaic uvndulating | layer; salinity comson bunch grasses,]shrink-swall recreation,
sediments sedges potential wildlife
Miller -~ Norwood - 18-45 inches Clayey and Level Hixed with montmorillon- |Harxdwood Righ shraink-swell po- |Crops,
Pledger - loamy; cal- ite; modsrately alkaline forest; shade |tential; occasional irrigated
and Carsous recent and calcareous to neutral [tolerant tall |flooding; high corro~ |crops,
*Horeland ~ Pledgex. .~ flood plain in surfacs; wmoderately grasses sion potential pasture,
_..Nogwood alluvium alkaline and calcareous urban, parks
belaw
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2.1.5 Land Usage Characteristics

Caprock and Sulfur Production

The Bryan Mound salt dome has an overlying caprock at a
depth of 680 feet and is composed primarily of anhydrite
with some limestone. The caprock is a maximum of 480 feet
thick and contains abundant sulfur deposits. Over 5 million
tons of sulfur were extracted from the caprock during the
period 1912 to 1935. Over 900 test and production wells
were drilled into the caprock during sulfur production.3

A thickness of 305 feet of salt exists between cavern No.2
and the bottom of the caprock, with a barrier from 3 to 4
times as thick over the other caverns. Since the wells are
drilled only into the caprock, they do not affect the
integrity of the caverns.

Salt Characteristics

The Bryan Mound dome is circulag as viewed from above. The
depth to the salt is 1,136 feet” (Figure 2.2). The halite

is coarsely crystalline with individual crystals averaging
about one centimeter in size. About 3 percent of the mass of
the dome consists of anhydrite, with traces of other minerals:
including calcite, dolomitg, barite, pyrite, quartz, celestite,
iron minerals, and sulfur.

0il and Gas Production

0il production began at Bryan Mound in 1949, but production
has always been low. Less than 11,000 barrels of crude oil
were produced as of 1965, and no active o0il operations
presently exist on the dome.

Existing Land Use

Patterns of land use in Brazoria County in 1970 were documented
by the Texas Highway Department based on an extensive field
survey and review Yf current aerial photography, tax, and
property records. !l To maintain a common denominator for

land use inventory among adjoining counties, the Texas Highway
Department used the Houston City Planning Commission's
simplified standard land use classification, which has 10
categories: : :
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Single family residential

Multiple family residential

Commercial and service

Industrial

Educational

Open space (including national wildlife refuges)
Water

Resource production

Undeveloped land (including agriculture and oil well
production)

Highway right-of-way

000000000
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Figure 2.4 indicates the distribution of land use in the
county (as of 1970) in each category. Undeveloped land
exceeds all categories (861,011 acres) while water
(57,138 acres), open space (21,635 acres), and residential
(12,362 acres) uses follow. Industrial use comprises
5,284 acres in the county.

Under present land use activity, Brazoria County is strongly
characterized by urbanization that is relatively cohesive in
and about the various cities. The primary exceptions to

this pattern are a lineal residential and commercial develop-
ment following State Highway 288 between Angleton and Lake
Jackson, and residential development along county roads in

the triangular area formed by Sweeny, West Columbia, and
Brazoria. '
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Industrial activities are concentrated in a few large opera-
tions, principally: Dow Chemical north and south of Free-
port; Monsanto Chemical and Amoco Chemical on Chocolate
Bayou north of Farm Road 2004; and Phillips and Allied
Chemical Refineries near Ocean on the western boundary of
the county. The Bryan Mound site is located in the heart of
the industrial area owned by Dow Chemical.

Hurricane flood protection measures have been taken in the
area around Bryan Mound. Work was performed under the
Freeport and Vicinity, Texas Hurricane Flood Protection
Project. This is a program of strengthening existing levees
and constructing new levees and related drainage systems

in the Brazosport Area. The Project was authorized by the
Federal Flood Control Act of 23 October 1962, House Document
No. 495, 87th Congress. Project funding is 70% by the Federal
Government and 30% by local interests, represented by the
Velasco Drainage District as Local Sponsor.

As part of the Project, certain improvements were made relating
directly to Bryan Mound and the adjoining area to the north

of the mound and south of the developed area of the City of
Freeport. (See Figure 1.7).
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o The South Frontal Levee, running from the high
ground at Bryan Mound to the south side of the
existing Phillips Terminal, has been strengthened
and raised to protect the area against the Standard
Project Hurricane. The levee parallels the route
of the proposed FEA 30" pipeline, (Figure 1.7).

o Similarly, the East Bank Brazos River Diversion
Channel Levee has been strengthened and raised.
It extends from the high ground at Bryan Mound
northerly, and parallels the proposed 6 mile 24"
concrete fresh water pipeline indicated on Figure
1.7.

o Similarly, protection of the area against flooding
from the north is afforded by the levees at the

Phillips Terminal, Brazos Harbor and the 0ld Brazos
River.

Consequently, the entire area south of the City of Freeport
to the South Frontal Levee is enclosed by a ring levee system
and protected against flooding from the Standard Project Hurricane.

Turning to the interior drainage facilities, rainfall runoff
is removed from the enclosed area by the following:

o The West End Pumping Station located at the south-
west corner of the developed area of the City of
Freeport, Figure 1.8. The station contains three
pumps with a total capacity of 450,000 gallons
per minute.
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o A grated gravity drainage structure through the South
Frontal Levee. The structure consists of two 7' by 5'
concrete boxes.

A second pumping station, the Pine Street Pumping Station
transfers runoff from the developed area of the City of
Freeport over a lower interior levee southerly into a channel
running westerly to the West End Pumping Station. The lower
interior levee formerly was the storm protection levee for

the city, now afforded by the South Frontal Levee. Accordingly,
the Pine Street station contains four pumps with a total
capacity of 200,000 gallons per minute.

When the total protection project was planned, the Galveston
District, Corps of Engineers, concluded that additional runoff
discharge capacity through the Scuth Frontal Levee was not
justified, based on the then current stage of development.
Based upon a brief review of the project outlined in the

Draft Environmental Impact Statement, and assuming that a
sensitive facilities are sited on the high ground of Bryan
Mound, no significant flood damages are foreseen.



2.2 WATER ENVIRONMENT

The Bryan Mound dome is adjacent to the Brazos River Diversion
Channel and about 1 mile north of where the river crosses

the Intracoastal Waterway and 2 miles north of where the river
empties into the Gulf of Mexico.

The Bryan Mound SPR facilities, including most of its pipeline
routing, lie in a marsh area that is transitional from salt
water to fresh water conditions. Its poorly draining soil
readily allows surface collection of rain and Gulf storm

surge water. Most of the area between the dock facilities

and the dome site is drained of surface water by two pump
stations in the surrounding levee. The present system

design includes the supply of displacement water from Dow
Chemical Company reservoirs and the utilization of displaced
brine by Dow plants.

There is some interaction between the project and the Brazos
River since this is the water source for the Dow reservoirs.
Descriptions of these water systems and their present
conditions are presented in Subsection 2.2.1.

The shallow coastal waters of the Gulf of Mexico represent
an alternate brine disposal site. A description of that
portion of the Gulf is provided in Subsection 2.2.2.
Although current design does not involve use of subsurface
waters either as water supply source or as a disposal site,
some understanding of the ground water system is necessary
in order to provide basic information necessary in
considering alternatives and accidents. Such a description
is provided in Subsection 2.2.3.

2.2.1 Surface Water System

The surface water system consists primarily of the Brazos
River Diversion Channel, the 014 Brazos River which runs
through the city of Freeport, the Intracoastal Waterway,
and Jones Creek. In addition to these bodies of water,
there are a number of canals, ponds, reservoirs and small
lakes in the vicinity of the site. The general arrangement
of the surface water system is shown in Figure 2.5.

The Brazos River

The Brazos River basin has the largest drainage

area of any of the Texas River basins. Its area en-
compasses about 15 percent of the land area in Texas and
totals approximately 44,000 square miles. However, about
9,240 square miles of the basin area normally do not
contribute to surface runoff due to a combination of surface
geologic characteristics and precipitation patterns. The
total length of the river is about 1,210 river miles.12 The
tidal portion of the river extends from the Gulf of Mexico
as far upstream as Brazoria, a distance (along the river
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flow path) of about 25 miles. The diurnal tide of the river
mouth is 1.8 feet.

The waters of the Brazos River have not been intensely
developed for municipal and industrial use because they are
often too saline. Most of the salt load is due to the
accretion of brine from salt domes, springs, and seeps from
the upper river basin. Several large reservoirs have been
built in the basin, but use of the stored water has been
limited due to relatively high salinitg. However, the water
is generally suitable for irrigation.l

Most of the reservoirs are located in the middle part of the
basin. There are 23 major reservoirs above Brazoria County.
About 1/6 of the population (almost 2 million people) in
Texas inhabits the basin, and much of the land is used for
agricultural purposes. It follows that there is a
significant amount of waste water entering the river from
municipal sewage treatment plants and agricultural runoffs
which probably contain significant quantities of pesticides
and fertilizers during certain time periods. These
waterborne wastes probably are interspersed throughout the
concentrations under most circumstances.
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The Brazos River estuary is a unique body of water £for the
Texas Gulf Coast in that it empties directly into the Gulf
of Mexico. The Lower Brazos River was diverted in the early
1940s, when the Dow Chemical Plant B was constructed, to
provide a suitable harbor in the old river for the Brazos
Port area. The diverted channel, now called the Brazos
River Diversion Channel, is about 6 miles long from the
point of diversion to the Gulf of !lexico. It is fairly
straight and typical of a dredged, altered channel. There
is some widening of this channel upon entrance into the
Gulf and the channel is fairly shallow at this point
(approximately 3 to 4 feet deep). The Intracoastal Water-
way crosses the Diversion Channel about 1 mile upstream
from the Gulf (see Figure 2.5). The U.S. Army Corps of
Engineers operates a set of locks in the Intracoastal
Canal, one on each side of the Diversion Channel. The
purpose of these locks is to keep detritus and silt from
entering the Intracoastal Waterway during periods of higher
river flows. :

When the locks are closed, very little water can pass
through them; therefore, most of the river water goes
directly into the Gulf. However, when the locks are either
inoperative or open due to heavy boat traffic, there is
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evident mixing of waters from the Brazos River and the
Intracoastal Waterway.

The USGS data collection station nearest to the potential
withdrawal sites for the Dow Chemical Company reservoirs is
located near Rosharon, Texas. The monthly mean flow rates
at this station from October 1971 to September 1974 are
given in Table B.l-1 of Appendix B.l. During the 3 year
period covered by the data, the flow rates ranged from 483
to 27,870 cubic feet per second. 1In comparison, the maximum
raw water flow rate designed for SPR Project at Bryan Mound
is only about 21 cfs and even this is buffered from the
river by the Dow Company reservoirs.

The Federally approved Texas water quality standards classify
the tidal portion of the lower Brazos River as suitable

for both contact and noncontact recreation and for propaga-
tion of fish and wildlife. The Brazos River water above tidal
range to Whitney Dam is classified as suitable for all of

the above plus for domestic raw water supply. The water
qualit{ criteria set by the Texas Water Quality Board

(TWQB)12 are presented in Table B.2-1 in Appendix B.2.

The TWQB standards for temperature, sulfate, chloride, total
dissolved solids, and DO were easily met for all samples.
The October 12, 1973 sample with a pH value of 6.0 was
outside the TWQB standard range. The fecal coliform count
often ran above the TWQB criteria with readings as high as
780 in May 1974 and September 1974.°8 fThe most recent
detailed analysis of water quality in the tidal portion

of the Brazos River was conducted by the Texas Water Quality
Board (TWQB) in 1971.°2 A total of six sampling locations
were chosen as indicated in Figure 2.6.

Erry
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Data gathered by the TWQB at each of the sampling stations
are presented in Appendix B.3. These data include: average
surface and bottom dissolved oxygen (DO), temperature;
conductivity; water clarity; average surface and bottom
alkalinity, hardness pH, and biological oxygen demand;
percent fixed and volatile solids content of the bottom
sediments; bottom sediment mercury, arsenic, calcium and
calcium carbonate content; and total and fecal coliform
concentrations. A comparison of these data with the TWQB
standards, given in Appendix B.2, shows that:

o At Stations 1 and 1A, the DO level at both the
surface and the bottom were too low, especially
at the bottom of Station 1lA. This is probably
because of the direct influence of the oxygen demand
of Dow Plant B waste water.
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o At Station 3, the DO level was only an average
of 1.6 mg/l at the bottom. This is probably
caused by the relatively stagnant salt water
intrusion wedge at the bottom of the river at
this station where there is little vertical
mixing.

© The pH values were orn. the high end of the acceptable
range throughout the entire sampling area. This
poses a potential problem for the growth and main-
tenance of most marine organisms.

o0 The temperatures of all the recorded samples were
well under the TWQB criterium; however, tempera-
tures of 36°C have often been recorded at Station 2

during periods of low river flow rates in mid and
late summer.

The data taken at Station 4 are probably just upriver of the
Dow Chemical Company's raw water stations for Brazoria
Reservoir. Water at this sampling station met all Texas
water quality standards except the fecal coliform standard
of not more than 200 MPN/100 ml. The average fecal coli-
form count in April 1971 was 330 MPN/100 ml.

In summary, data show that the Brazos River estuary is
subject to wide variations in water quality. These changes
are primarily a function of river flow rate, although tidal
interactions are also an important factor. A somewhat
naturally occurring salt water wedge, which generally has
very little dissolved oxygen (DO), exists in the lower
strata water in the upper portion of the estuary. This
"dead salt water wedge" is frequently subject to changes

in position.
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Dow Chemical represents the major industrial installation
utilizing the Brazos River both as a source of water and

as a waste water receiving stream. During high water stages
for the river, Dow purchases fresh water from the Lower
Brazos River Authority. The water, as noted in Section
1.2.3.3, is stored in Brazoria and Harris Reservoirs from
which it is transferred to Dow Plants "A" and "B" by canal.
The annual volume of fresh water transferred to the Dow
Plants ranges from_42 billion to 84 billion gallons (1-2
billion barrels).l3 The City of Freeport obtains
approximately 1.5 million gallons per day of fresh water
through Dow from the same 2 reservoirs. This represents
approximately 550 million gallons annually.l4 In addition to
this fresh water Dow also utilizes approximately 467 to 509



billion gallons of salt water annually. This salt water is
pumped to the facility from the Gulf by special canals.
Waste water from the Dow installation enters the Brazos
River by means of two canals as indicated in Figure 2.5.
The total discharge rate averages about 1.05 million gallons
per minute or 2,340 cubic feet per second.!S Comparison
with the data given in Table B.1-1 of Appendix B.1 reveals
that this flow rate is of the same order of magnitude as the
flow rate of the Brazos River. All available water gquality
data for this discharge is presented in Table B.3-2 of
Appendix B.3.

Freeport Harbor and Intracoastal Waterway

As noted previously, the original channel for the Lower
Brazos River has been modified to provide a harbor for the
city of Freeport. Freeport Harbor is a Federally maintained
deep draft navigation project that extends from deep water
in the Gulf of Mexico through a jettied entrance to
Freeport, Texas, a distance of about 7 miles. The present
harbor components are pictured in Figure 2.7, while their
maintained dimensions are presented in Table B,4-1 in
Appendix B.4. An easing of the bend from Station 65 to
Station 139 and a widening the entrance to the Brazos Harbor
Channel were approved by the U.S. Army Corps of Engineers
in 1975, with construction beginning later that year.
Further, through the River & Harbor Act of 1970,
authorization has been given to deepen the 36 foot channels
and turning basins to 45 feet and the Brazos Harbor Channel
to 36 feet. The impact of these approved modifications on
the harbor dimension is also shown in Table B.u4-1. The
maintenance dredging requirements associated with the
existing harbor as well as the modification are summarized
in Table B.4-2 of Appendix B.U.

it
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As a deep draft port, Freeport complements other ports on
the Gulf Coast in handling exports, imports, and coastal
shipping. Over 7 million tons of cargo were carried over
the harbor channels in 1973. Most of this trade volume
consisted of crude petroleum, petroleum products, and basic
chemicals. :

Freeport Harbor and the Intracoastal Waterway are tidal from
the Gulf to the diversion dam. The diurnal tide in Freeport
Harbor has a mean range of about 1.8 feet, and the mean high
water is about 1.0 foot above mean sea level. During
prolonged periods of strong north winds in the winter, the
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water surface may be depressed as much as 3.5 feet below
mean sea level. Sustained south and southeast winds during
the summer have the opposite effect. Extreme fluctuations
in water levels are caused by tropical storms and hurricanes.

The Freeport Harbor maintenance and modification dredging
by the Corps of Engineers over the past several years have
generated fairly complete water and sediment quality data
for Freeport Harbor and the Gulf Intracoastal Waterway
between the Harbor and the Intracoastal junction with the
Brazos Diversion Channel. Data from the various studies
and monitoring programs are presented in Appendix B.5.

Comparisons of these data for Freeport Harbor with the TWQB .
criteria as given in Appendix B.2, reveals general confor-
mance, with the possible exception of high pH levels.
Comparison with the proposed EPA numerical criteria for

water quality, marine water constituents (aquatic life),
provided in Appendix B.2, reveals the harbor water contained
low values of dissolved oxygen* and high values of pH. 1In
addition, the levels of zinc, copper, and possibly lead were
high.

It is fignificant to note that according to an existing EPA
ruling 6 dredged spoil from the harbor must be dumped in
confined disposal areas and cannot be released into the
Gulf.

At

™

Jones Creek

Jones Creek, which interconnects numerous small ponds and
lakes and which discharges into the Intracoastal Waterway,
flows in a southeasterly direction to the west of the Brazos
River Diversion Channel (see Figure 2.8). Jones Creek
shows tidal influence with saltwater intrusion as far
upstream as State Highway 36. Water quality samples for
Jones Creek have been collected on only one date, July 10,
1975.6 Three points along Jones Creek were sampled (see
Figure 2.8). This data indicates that salinity at Station
J-1, the sampling area furthest upstream, was 0.5 ppt which
is the upper ppt limit for freshwater classification.

The water samples were taken by SEADOCK, Inc. during the
preparation of the Environmental Report for the SEADOCK
Deepwater Port Project. Table 2.2 summarizes the water
guality data which was obtained. TWQCB Standards60 for

the San Bernard River were selected as a point of reference
because of the proximitv of the San Bernard to Jones Creek,
and because no standards have been established exclusively
for Jones Creek.

*PL 91-611, House Document 93-289, 93rd Congress, 2nd Session.
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Table 2.2 Physical Water Quality Data, Jones Creek July 10, 1975%*
STATION THQCB
PARAMETER Jl J2 J3 STANDARDS?
Temperature (°C) 26.9 26.0 26.8 Not to exceed 4°F rise above
natural conditions
Specific Conductance (pmhos/cm) 690 700 3,090 -

- Transparency (cm) 2.5 4.5 6.0 -
Turbidity (JTU) 60 53 38 -
Dissolved Oxygen (ppm) 4.9 5.2 8.5 Not less than 5
Salinity (ppt) 0.5 0.6 2.0 -
pH 8.1 7.9 8.3 -

Total Suspended Solids (mg/l) 64 39. 54 -

Total Dissolved Solids (mg/l) 420 450 2,200 Not more than 25,000
Biochemical Oxygen Demand (mg/1) 8 13 8 Not more than 5
Chemical Oxygen Demand (mg/1) 41 26 26 -

Total Organic Carbon (mg/l) 23 25 18 -

0il and Grease {mg/1l) 2 2 2 Substantially Free
Chloride (mg/l) 80 115 1,130 Not more than 12,000
Sulfate (mg/1l) 5 13 . 130 -

Sulfide (mg/1) N.D.P N.D. N.D. -

Fecal Coliforms (MPN/100 ml) £2,400 1,100 1,100 Not more than 1,000

8S5tandards established by TWQCB (Texas Water Quality Control Board), for San Bernard River

River Tidal, 1972%0

bNone detected

*Source:

in part by Dames and Moore, Houston, Texas;

"Seadock Environmental Report," prepared for the Seadock, Inc., Austin, Texas,
Institute for Storm Research, Houston, Texas

and Evans Hamilton, Inc., Houston, Texas, Suppleﬂggtary Information, December 15, 1975.
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The information presented in Table 2.2 indicates that

Jones Creek is an organically polluted stream. The biological

oxygen demand (BOD), and the Fecal Coliform Count exceeded

TWQCB (1972) standards for the San Bernard River. High !
Fecal Coliform counts are probably caused by inadequate

sewage treatment. The community of Jones Creek is not

serviced by public sewage treatment facilities. Individually

owned septic tanks could be the cause of high BOD as well as

high Fecal Coliform counts. Decaying vegetation from

surrounding marshes could also contribute to the observed !
high BOD.

Water flow data and sediment and elutriate sampling data are

not available for Jones Creek. There is no additional

information on Jones Creek available from either the Texas

Water Quality Control Board Criteria for 197612 or from
the USGS "Water Resources Data for Texas-Water Quality
Records," 1974. )

2.2.2 Coastal Waters of the Gulf of Mexico

The shallow coastal waters of the Gulf of Mexico southeast
of the Bryan Mound site constitute a brine disposal
alternative. To attain the necessary 20 to 25 foot depth
for disp0fal, a site would be between 0.8 and 1.0 miles
offshore.t’/ The bottom composition in this area is sand .18

-
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The salinity of the Gulf in the potential brine disposal
area is affected by the discharge of rivers along the Texas
coast, as well as by tides, currents, and precipitation. ‘
No detailed salinity data for the immediate area are available.

However salinity and other water quality data are available

for the existing dredge disposal area which is located 3.5

miles to the northeast of the Alternate Brine Disposal Zone,

(See Figure 2.7). These data are provided in Appendix B.6.

As noted in this appendix, the salinity ranged from 28 to

29 ppt in this region. Bottom sediment data is available

in the immediate vicinity of brine disposal site, as provided

in Appendix B.6.
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Surface currents in the area are variable, being strongly
affected by winds, tides and the flow of the Brazos River.
Mean surface currents 30 miles southwest of the brine
disposal site are presented in Figure 2.10 As indicated in
the figure, the most probabie current sets to the northeast
with a drift of 0.6 knots or to the west with the same
drift,19

2.2.3 Subsurface Waters

Current design for the Bryan Mound site does not call for
the use of the shallow subsurface waters aguifer as a source
of displacement water, or the deep subsurface aquifer as a
brine disposal site. Because both water systems represent
alternatives to the existing design, however, they are
described in the following subsections.

Shallow Subsurface Aquifer

The uppermost aquifer in the vicinity of Bryan Mound is

known as the Chicot aquifer and extends from about 150 to
1,100 feet beneath the surface. Chicot is subdivided into
two units., These subdivisions are designated the upper unit
and the lower unit. In most places, the two units are
separated by clay. In Brazoria County, the upper unit is
either a water table or artesian aquifer; the lower unit is
an artesian or leaky artesian aquifer. The relationship .
between the Chicot aquifer and other geologic classifications

of the region is summarized in Figure 2.3.

-

L -

Upper Unit of Chicot Aquifer

The most widespread fresh water aquifer in Brazoria County

and the only aquifer containing fresh water in the vicinity

of RBryan 'Mound is the upper unit of the Chicot aquifer. The
upper unit consists of the interconnected shallower sands

that are generally present between the surface and a depth

of 100 to 300 feet, including the alluvium in the river

valleys. The aquifer dips sontheastward at about 2 feet per
mile, As shown in Figure B.7-1 of Appendix B.7, in the

vicinity of Freeport, the base of the upper unit occurs at a
depth of about 300 feet while at Bryan Mound the depth is

ahout 250 feet. lear Freeport the thickness of sands in the
upper unit is about 180 feet as indicated in Figure B.7-2, while
at Bryan Mmnd, the sand thickness is much less (about 75 feet).
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Freeport, fresh water occurs at depths of about 200 to 250
feet or less while at Bryan Mound no fresh water occurs
below about 75 feet. It is important to note that, as shown
in Figure B,7-5, a layer of saline water (1 to 3 ppt)
approximately 40 feet thick overlies the fresh water in the
aquifer in the vicinity of Freeport.8

Fresh water occurs in the top portion of the aquifer. Near .

NMear Bryan Mound dome fresh and saline water are found
interbedded. The quality of ground water in this area is
deteriorated by one or béth of two processes: (1) the water
dissolves salt from the dome, or (2) water from deeper, high
pressure, saline water bearing sands flows up into the
overlying aquifer through flow ways formed along the sides
and across the tops of the dome.

The clay that overlies the sands of the upper unit of the
Chicot in much of Brazoria County is replaced by sands of
the Quaternary alluvium in the Brazos River system. Thus the
Chicot aquifer is in hydraulic continuity with the surface.
The layer of saline water in the top portion of the Chicot
in this region may result from the salt water wedge, which
penetrates upstream in the Brazos River, causing saline
water to seep through these sands into the top of the
Chicot.

H
£
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The hydraulic characteristicsof the Chicot aguifer in parts
of Brazoria County were determined by aquifer tests. The
field coefficient of transmissibility was as much as 66,000 .
gallons per day per foot for the upper unit. The maximum

permeability for the sand exceeded 1,000 gallons per day

per square foot while the minimum permeability was 130

gallons per day per square foot.
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Fresh water wells in the vicinity of Freeport yield 1,000 to -

3,000 gallons per minute, while in the vicinity of Bryan
Mound, the yield is from 500 to 1,000 gallons per minute.
The aquifer supplies 25 percent of the water for public
supply and domestic use as well as part of the water used by
industry in the Freeport area. The city of Freeport draws
500 thousand gallons of water daily from the upper unit via
8 wells at a depth of about 250 feet.l* The City of Surfside
Beach draws 150,000 gallons per day from 6 wells at depths
between 165 and 500 feet.20 Because of the large drawdown in
the area, combined with the relatively thin section of fresh
water sand, and the proximity of water of proven quality,
the aquifer appears overdeveloped in the Freeport area.®

Lower Unit of Chicot Aquifer

The basal bed of the Chicot aquifer is the massive sand
described as the "Alta Loma®™ sand in Galveston County, 21
and the Alta Loma Sand of Rose 22 in the Houston District. 23

The Alta Loma Sand and the sands above it which show similar
water level fluctuations are included in the lower unit of
the Chicot aquifer. The basal sands of the Chicot aquifer
can be distinguished on most electrical logs because they
usually display a higher range of resistivity than the sands
of the Evangeline aquifer which lie at greater depths.

As shown in Fiqure B.6-3, Appendix B-7 the base of the
lower unit (which corresponds to the base of the Chicot
aquifer) occurs at a depth of about 1,200 feet in the
vicinity of Freeport. Near Bryan Mound dome, as expected,
the lower unit is encountered at shallower depths (about
1,000 feet). In both areas, the sands in the aquifer are
about 370 feet thick as shown in Figure B.6-4, The lower
unit dips southeast at about 10 feet per mile.

With respect to hydraulic characteristics, the field
coefficients of transmissibility were as much as 275,000
gallons per day per foot with a maxinum permeability in
excess of 1,000 gallons per day per square foot.

The lower unit of the Chicot aquifer contains a large amount
of slightly saline water. Large (10,000 gallons per day),
sustained withdrawals of this water could be made without
excessive drawdown. Large wells (3,000 gallons per minute
or more) producing saline water can be constructed anywhere
in Brazoria County where the lower unit of the Chicot
contains 100 feet or more of saline water bearing sand.
Wells that produce slightly and moderately saline water from
this unit have been constructed and used by industry in the
Freeport area.
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Deep Subsurface Aquifers

Beneath the Chicot aquifer lies the Evangeline aquifer which .
consists of Pliocene and Miocene formation. At greater

depths lie the additional Miocene sands. The relationship

between the Evangeline aquifer and other geologic

classification in the region is shown inFigure 2:3. These

subsurface water bodies represent alternate sites for brine

disposal.

Evangeline Aquifer

The Evangeline aquifer is a sequence of alternating sands
and clays that thicken from about 2,000 feet at the northern
edge of Brazoria County to more than 3,500 feet at the
southern edge, At most locations in the county, there is
more sand than clay in the Evangeline, Although some sands
and clays are continuous throughout much of the area, most
units vary considerably in thickness from location to
location. Thicknesses of individual beds of sand and clay
generally range from a few feet to about 100 feetd

The Evangeline aquifer is present in the subsurface
everywhere in the county except for small areas where the
salt domes pierce through the Evangeline and into the
overlying Chicot beds. The average dip of the fresh water
bearing beds is approximately 30 feet per mile to the.
southeast. Over geologic structures, the dip approaches
zero and may even be reversed to the northwest. Locally,
dips away from the structures are more than 30 feet per .
mile.

e
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The hydraulic properties of the Evangeline aquifer in
Brazoria County have not heen determined. However, the
valunes determined from tests of the heavily pumped layer in
the Houston District probably approximate those for the
aquifer in Brazoria County. Wood and Gabrysch?3 report that
the coefficients of transmissibility measured by pumping
tests generally are in the range of 75,000 to 150,000
gallons per day per foot in the Houston District, The
average perneability of the heavily pumped layer in the
Houston District is about 250 gallons per day per square
foot. The Evangeline aquifer has individual beds of sand as
much as 230 feet thick containing slightly saline water.
However, this thickness is a local occurrence. No large
thick heds containing slightly saline water have been found
in this aquifer.

In the vicinity of Freeport and Bryan Mound the

characteristics of the aquifer are not well defined. It

would appear, however, to contain a large quantlty of saline -
water in the depth interval from about 1,200 to 4,9n0 feet.
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Lower Miocene Sands

Beneath the Evangeline aquifer, Miocene sands continue to a
depth of 6,500 feet. Very little data is available con-
cerning these sands, but based on the analysis of a single
well log 15 miles to the northeast these sands probably
occur in layers from 70 to 120 feet thick, interspersed with
layers of clay.’* The sands should contain saline waters.

In the Miocene formations below 6,500 feet, the composition
is mostly silt and clay with no sands encountered.

2.3 METEOROLOGICAL CONDITIONS

2.3.1 Climatical Conditions

The climate of the Bryan Mound area is classified as humid
subtropical with strong marine influences. Seasonal fluc-
tuations are moderate,* varying from short mild winters to
long hot summers. The summer days are generally hot and
humid, broken occasionally by tropical storms, with little
variety day-to-day.
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In Galveston, January through March are the foggiest months,
with an average of 4.1 percent of the days per month having
heavy fog that restricts visibility to less than a half
mile.?® March through May and September are usually the
windiest, with mean wind speeds of 12 to 15 mph at Freeport,
w1th somethlng less than 2 percent of the winds less than 2
mph. This same January through March period is typically
the coldest with temperatures in the upper 50°'s to low

60° 's, ranging from average minimum temperatures of 49° in
January to maximum of 67° in March. The driest period is
from January to June with between 2.7 and 3.3 inches of rain
each month. The normal rainfall on a monthly basis at
Freeport is plotted in Figure 2.9. The average annual rain-
fall at Freeport is 45 inches, and the annual lake evapo-
ration losses are roughly 53 inches.’® May through Septem-
ber are usually the hottest and have the highest thunder-
storm activity. _Temperatures between 70° and 85°, as

- seen in Figure 2.12, dominate the

*The following data are not site specific in that the
nearest weather monitoring stations are 5 to 25 miles away.
Data presented are from the nearest station to Bryan Mound,
with the exception of Corpus Christi (approximately 135
miles down the coast) data. .
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summer months. The mean annual temperature is 70°. The

average length of the growing season is 275 days. The humidity

varies little on an annual basis; it is approximately 82 .
percent in the morning dropping to 72 percent in the after

noon and evening.!® Thunderstorm activity in the area is

greatest in July and August, with an approximate mean annual

number of days with thunderstorms being 58 days. The monthly
distribution of thunderstorms is seen in Figure 2.13.

The nearest wind rose data are from Galveston and Victoria,
Texas. Figures 2.14 and 2.15 show these patterns and Figure
2.16 gives a general profile of the wind rose patterns for
the Gulf Coast. The annual percent frequency of wind by

speed groups for Galveston and Corpus Christi shows similar
characteristics:

Wind Speed Groups Galveston2? Corpus Christiz2®
0- 3 mph. 4% 4%
4- 7 mph. 13% 14%
8-12 mph. 39% 28%
13-18 mph. 33% 37%
19-24 mph. 10% 12% : B
25-31 mph. 2% 3% -t
32-38 mph. 1% 0.5%
Mean Speed 12.5 mph. 12.9 mph. .

Eighty nine percent of the winds at Galveston are less than
18 mph. Extreme winds at 30 feet above ground with a 50
year recurrence interval are around 95 mph and with a 100
year recurrence interval, around 100 mph.29
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Severe storm statistics on the three 50 nautical mile strips
(57.6 statute mile strips) of Texas coastline surrounding
Bryan Mound from San Antonio Bay to south of Beaumont reveal
these details:

Number of Tropical Cyclones Reaching the Mainland 1886-1970*

Southwest Central East
All Tropical Cyclones 10 15 17
All Hurricanes 8 12 10
Great Hurricanes 3 3 3

Number of Years Between Tropical Cyclone Occurrences
(Average for Period 1886-1970)

Southwest Central East
All Tropical Cyclones 8 5 5
All Hurricanes 10 7 8
Great Hurricanes 28 28 28

Risk of Tropical Cyclones**

Southwest Central East
All Tropical Cyclones 12% 18% 20%
All Hurricanes 9% 14% 12%
Great Hurricanes 45 4% 4%

W

*Southwest: 57.6 miles of coastline from San Antonio Bay to
Matagorda (approximately 37 miles down the coast from
Freeport). )
Central: 57.6 miles of coastline from Matagorda to San Luis
Pass (approximately 20 miles down the coast from Galveston),
of which Bryan Mound is roughly in the center.

East: 57.6 miles of coastline from San Luis Pass to just
south of Beaumont.

Definitions:

Tropical Cyclone 39-73 mph.
Hurricane 74-124 mph.
Great Hurricane More than 125 mph.

**Risk equals the probability (%) that a trop1ca1 storm, hurricane
or great hurricane will occur in any one year in a 50 nautical mile
segment of coastline. .



Because of the proximity of the Bryan Mound salt dome to the
coast, the secondary weather disturbances induced by
offshore trepical storms must be reviewed. Table 2.3 shows
the size and intensity of tropical storms observed within
300 miles of the Seadock proposed offshore Superport site,
as reported Ly Seadock, Inc. It can be seen that tropical
storm activity offshore is more intense than activity that
reaches the mainland.

Atmospheric stagnation periods are minimal because of the
Gulf Coast winds. The total number of forecast days of high
meteorological rotential for air pollution is minimal
because of the relatively constant winds off the Gulf. The
seasonal inversion frequency as percent of total hours is
reported to be approximately 37 percent for winter, 20
percent for spring, 15 percent for summer, 30 percent for
fall, with the annual inversion frequency of 25 percent.31

The normal tidal fluctuations in the Freeport-Galveston area
are small, with the Freeport diurnal range of 1.8 feet.
Further, tides in this area are erratic. It is important

to note that wind and storm acitivity off the coast have a
strong effect on variations in water heights. As reported
by the U.S. Army Corps of Engineers, during strong north-
westerly winds, water levels can drop to as low as -4.0

feet and during hurricanes the high levels could be +15.0
feet.32 variations in salinity levels in the bays and
estuaries are also influenced by the direction and strength
of the winds as well as by the amount of rainfall associated
with high wind and storm activity. Reference 32 states that
the average fluctuation in salinity is about 15 ppt, with
maximums seldom exceeding 32 ppt.

2.3.2 Existing Air Quality

In compliance with the Federal Clean Air Act, the state of
Texas has initiated its Implementation Plan which provides
for 'the implementation, maintenance and enforcement of the
Federal Air Quality Standards promulgated by the
Environmental Protection Agency (EPA) on 30 April 1971
(36FR8186). The Texas standards are identical to the
federal standards as listed in Table 2.4, with a few
additions.. The additions pertinent to the SPR Program
activities are listed in Table 2.5.

et
v
«

In order to characterize the existing air quality of the
Bryan Mound site, three air monitoring surveys in the near
vicinity were considered sufficient, thus excluding any need
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Table 2.3

Size and Intensity Distribution of 143 Tropical Storms
Observed Within 300 Nautical Miles of the Provosed Offshore
SEADOCK Support Facilities.

Intensity Size of Storms
(max. wind speed, mph) Small* Medium** Large*** Total
Extreme ( >135 mph) 3 7 2 12
Major (101-135 mph) 3 9 3 15
Minimal (74-100 mph) 19 21 1 41
Minor ( <74 mph) 49 26 0 75
Total 74 63 6 143

100 nautical miles
200 nautical miles
300 nautical miles

* average radius of 20 mph winds
** average radius of 20 mph winds
**% ayverage radius of 20 mph winds

e
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Table

Pollutant

Particulates:
Annual Geometric Mean
24-hour Maximum

Sulfur Dioxides:
Annual Arithmetic Mean
24-hour Maximum
3-hour Maximum

Sulfur Acid Mist and/or

Sulfur Trioxide:
24-hour Maximum
l-hour Maximum

Carbon Monoxide:
8-hour Maximum
1-hour Maximum

Photochemical Oxidants:
1-hour Maximum
4-hour Maximum

Hydrocarbons (non-methane):

3~-hour Maximm

Nitroc~n Dioxide (NO,):
Annual Arithmetic Mean

Primary Standard

75ug/m>
260ug/m

80ug/m3(0.03 ppm)
365ug/m™ (0.14 ppm)

3

12ug/m3

30ug/m

10mg/m§ (9 ppm)
40mg/m” (35 ppm)

160ug/mg(o.oa ppm)
98ug/m™ (0.05 ppm)

160ug/m3(o.24 ppn)

100ng/m3(0.05 ppm)

ug/m3 = Micrograms per Cubic Meter

mg/m3 = Milligrams per Cubic Meter

2.4 Federal Ambient Air Quality Standards

Secondary Standard

60u9/m§
150pg/m

60“9/m3(0.02 ppm)
260ug/m’, (0.10 ppm)
1300ug/m™ (.5 ppm)

lomg/mg(vapm)'
40mg/m" (35 ppm)

Al

16099/m3(0.08 ppmﬁ.

98ug/m” (0.05 ppm)
3
1601g/m™ (0.24 ppm)

100ug/m3(0.05 ppm)

w

i



Table 2,5 Texas Ambient Air Quality Standards
(as specified in conjunction with the Federal
Ambient Air Quality Standards)

Sugpended Particulates:

S5-hour average IOOUg/m3
3-hour average 2001.xg/m3
l-hour average 400119/m3

Visible Emissions:

S-minute period not to exceed 20% opacity
{for any stationary flue constructed after 31 January 1972)

Sulfur Dioxide (502):

o

30-minute average net ground level concentration*
Orange, Jefferson 0.32 ppm
Counties . :
Harris, Galveston 0.28 ppm :
Counties
All other counties 0.40 ppm

Bydrogen Sulfide (HZS):

30-minute average net ground level concentration*

(1)

(2)

downwind concentration

effecting property used for
residential, business or

commerce purposes 0.08 ppm

downwind concentration

effecting property used for

other than the above

specified land uses; e,g.

vacant land, range land,

industrial property 0.12 ppm

*net ground level concentration is the downwind concentration minus the
upwind concentration.
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for further monitoring. Two of these surveys are fairly
extensive. The data provided by the Texas Air Control Board
(TACB) were collected for the year September 1974 to
September 1975 at Clute, which is approximately 7 1/2 miles
north of Bryan Mound and is listed in Appendix D. Summaries
of the results of brief surveys taken by the Southwest
Research Institute (Houston) for Seadock, Inc., at Jones
Creek (5 1/2 miles northwest of Bryan Mound), and at the
proposed Seaway Tank Farm facility (4 1/2 miles northwest of
Bryan Mound) are included also in Appendix D.

The conclusions of these surveys show that the air quality
around Bryan Mound is very good.with the exception of high
non-methane hydrocarbon concentrations and oxidant concen-
trations. Concentrations of carbon monoxide (CO), sulfur
dioxide (S02) and nitrogen dioxide (NO2) are minimal, in
some cases at or below the minimum detectability limits.
Particulates are low, characteristic of rural areas subject
to reasonably consistent winds due to the flat terrain and
winds off the Gulf.

Concentrations of non-methane hydrocarbons are very high,
approximately 30 percent of the time they are higher than
the National Ambient Air Quality guidelines as recorded

by the Southwest Research Institute. At Clute, the TACB
records show high levels of non-methane hydrocarbons.
Seventy-four and five tenths percent to 98 percent of the
hours recorded showed concentrations higher than the 0.24 ppm
federal guidelines for the year, September 1974 to September
1975.33 "Hourly oxidant concentrations measured at Clute

for this same period show that national one hour standards
were exceeded frequently.

EErrl
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2.3.3 Noise

Noise at the site and in the near vicinity of Bryan Mound is
typical of a reasonably remote, essentially flat marshland
area. In the winter and spring, the contributing noise
sources are wind, periodic bird calls, the rustle of the
grasses and brush, and maritime traffic on the Brazos River
and the Intracoastal Waterway. The day-night A-weighted
sound levels are around 49 4B on reasonably calm days (winds
less than 10 mph).3®* In the summer, because of the high
humidity and warmth, the marshland noise is dominated by the
buzz of mosquitoes and other insects, frogs, crickets, bird
calls and the noise of the foliage on the brush, as winds
blow through. On a normal summer evening the noise levels
can be as much as 10 to 15 4B higher than winter levels
because of the activities of native creatures and insects.

The Bryan Mound site is characterized by remote area noise
patterns. Local activity on roads nearby and Dow's brine
operations are the only significant noise intrusions.

In preparation of the environmental impact report for the
proposed Seadock offshore superport, Seadock, Inc. performed
a brief ambient noise survey in the area of Jones Creek
where the Seaway Tank Farm facilities will be located. 2S5
while this study is not precisely site specific for Bryan
Mound, the. area is only a few miles away and the ambient
levels and spectra can be assumed to be representative of
noise sensitive areas around the site., Figures 2.17 and
2.18 show the daytime, evening, and nighttime octave band
spectra for two sites chosen by Seadock, Inc. on the basis
of their sensitivity to interruption by noise. The first is
approximately 2,000 feet from a running creek, the second is
at a small community roadside. These spectra were taken in
early March when any deciduous trees are still barren, and
inse¢ct populations are relatively low. Figure 2.19 is the
ambient spectrum taken from a Department of Transportation
noise survey of the Florida Everglades.3S This spectrum is a
little ""quieter" than the Jones Creek area daytime spectra
because of the lack of human activity (road traffic in
particular) in the everglades.

The A-weighted* levels range from a low of 40 dB (nighttime)
to a high of 48 dB (daytime). In the summer, these ambient
levels may be as high as 50 dB in the evening. The closest
noise sensitive sites near Bryan Mound, such as -Jane Long
School and West End Church (Freeport), are approximately 2
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miles north of the site, with 2 miles of marshland between
the site and the church and the school. .

2.4 SPECIES AND ECOSYSTEMS

2.4.1 Ecosystems

For +t™Mis report, 3 major natural environments or ecosystems
have been identified corresponding to units used in the
Environmental Geologic Atlas of the Texas Coastal Zone-
Galveston-Houston Area.3¢ The major natural environments
are:

o marshlands and coastal prairies
o) cleared lands
o) coastal and inland waters.

Characteristic flora and fauna of these 3 ecosystems as well
as their vegetation type subdivisions are summarized in
Table 2.6. A map showing the distribution of vegetation
types comprising these ecosystems is provided as Figure
2.200

Marshlands and Coastal Prairies

a
s

ol
. v

Marshes extend from the Gulf Coast throughout much of the
county and cover 84,000 surface acres. All three marsh
types, saline, trackish, and freshwater, are found within .
Brazoria County with salinities decreasing northward. 1In

the saltwater marsh, smooth cordgrass (Spartina spp.)

predominates. 34,37 saltgrass, glasswort, Salicornia spp..

batis (Batis maritima), and salt matrimony vine (Lycium

carolinianum) may also occur. Hardstem bulrush (Scirpus

olneyi) and saltgrass (Distichlis spicata) are the most

common grasses in brackish marshes. Saltwater marshes

(salinities may range up to 40 ppt) and brackish marshes

provide excellent habitat for overwintering, migratory

waterfowl., Geese predominate while egrets, gqulls, ibises,
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Table 2.6 Typical Fauna and Flora of Ecosystems and
Biosystems of Brazoria County, Texas

Coastal

and

Inland Waters

Seaside. Sparrow

o

Environment Marshlands Coastal Prairies Cleared Lands

Environmental | Preshwater Intermediate and | Saline Wetland Urban and Crops and Preshwater}Saline
Suhcategory Wetland Brackish ttatland Suburban Future Lands
Blotope Freshwatar Planktonic

Marsh Salt Marsh Bays
Typical Maiden cane | smooth cordgrass | smooth cordgrass gulf cordgrass Various rice NA NA -
herbs, cordgrass s0ilbind morning | salt grass bunchgrass resendential| soybeans
grasges sedyes glory shore grass Indian grass spacies prairie grass
and trees water fiddle leaf glasswort switchgraas

hyacinth morning glory salt matrimonyving bluestem
pennywort sea purslane batis 1liveoak
Carolina wolfberry huisatch
bulrush ragweed
Harstem bulrush prairie pleatleaf
Typical snails snails fiddler crabs snails NA NA clams clams
mollusks mussels crabs mud crabs snails shrimp
and clams clama clams crabs
crustaceans shrimp snails snails
oysters gshrimp
Typical Western Gulf salt Gulf salt ornate box turtle] NA NA frogs
amphibians diamondback marsh snake marsh snake leopard frogs water
and rattlesnake | Western Western diamondbagdk snakes NA
reptiles diamondback rattlesnake
rattleanake

Typical minnows killifish killifish NA NA NA crappie nullet
fish crappie cyprinids catfish anchovy

sunfish {mmature mullet gar silver-

catfish spot shad sides

gar buffalo~ |cyprinids

fish menhaden

Typical opossum rabbits rabbits cattle domesticated] cattle NA NA
mammals rabbits hispid cotton hispid cotton hispid cotton rat]| animals rabbits

raccoon rat rat rice rats hispid cottoy

' rabbits rat

Typical Gulls Common Plovers Sparrows Blackbirds | Blackbirds | Ducks Frigate Birds
birds Terns Gallinule Geese Hawks Robins Hawks Gulls Gulls

Black Skimmei] American Great Blue Heron pastern Starlings rerns

Barn Owl Coot Little Blue Heron Meadowlark Ducks

Eastern Yellowlegs Egrets Egrets

Meadowlark | Sandpipers Least Bittern vultures
Red-Winged Terns Ibis Kites
Blackbird Boat-Tailed Roseate Spoonbill

Killdeer Grackle pucks :

willet Eastern i1 . gl

sanderling Meadowlark Clapper Ra
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herons, plovers, and sandpipers are also common in these marshes.
Hispid cotton rats (Sigmodon hispidus), eastern cotton tail rabbits
(Sylvilagus floridapus), are prominent mammals, while the gulf
salt marsh snake (Natrix sipedon clarki) is the common reptile.
(See Table 8.6 ).

Typical emergent vegetation of fresh water marshes include
maidencane (Panicum hemitomon), pennywort (Hydrocotyle

sp.) , and water hyacinth (Eichornia crassipes). Fresh

water marshes are utilized by waterfowl as feeding sites.

Avifauna commonly sighted are terns, Sanderling, Killdeer,
red-winged blackbirds, and gulls. The most abundant reptile is

the western cottonmouth and the most typical mammals include opossum
rabbits, and raccoons. White~tailed deer also are found in

Brazoria County.

Gulf Coast Prairie covers 412,700 acres in Brazoria County.
Prairie areas subject to occasional saline inundation are
dominated by gulf cordgrass (Spartina spartineae). In grazed
areas, the western ragweed (Ambrosia psilostachya) is more
common. Prairie pleatleaf (Nemastylis geminiflora),
bunchgrasses, Indian grass, and switchgrass are aiso
commonly found on the prairie. Members of the prairie
avifauna are the savannah, Vesper, Whitecrowned and Song
Sparrows, Mockingbirds, Eastern Meadowlark, Cattle Egrets,
Turkey Vulture and Black Vultures, and the Marsh Hawk.
Common mammals include domestic cattle, hispid cotton rats,
rice rats, and the eastern cottontail rabbits. The western
di amondback rattlesnake and the ornate box turtle are preva-

lent reptiles of the gulf coast prairie.

ey udat

.

Cleared Lands

Approximately 84,127 acres of cleared lands are located
within the county as a result of crop cultivation (rice),
the planting of high nutrient pasture grasses,
industrial/refinery activity, residential areas, educational
facilities, open space, and highway rights-of-way. The
remaining acres (not classified as woodlands, marshlands,
and coastal prairies, or cleared lands) are categorized as
either water todies or undeveloped land.

Wildlife which frequent cleared land are varied depending on
pressures of land use. The fauna tends to include species
immigrating from surrounding ecosystems. Residential areas
have predominantly domesticated animals and song birds
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whereas other areas provide habitat for furbearers and
predators such as coyotes. Rice fields are favorite feeding .
grounds for geese in winter months. For this reason, these

areas are used quite often for hunting activities.

Coastal and Inland Waters

Estuaries and the Gulf Intracoastal Waterway

Estuarine waters within Brazoria County are primarily
limited to the extreme lower and extreme upper coastline of
the county (outside of immediate project impact site).

These waters include Cedar Lakes, Christmas, West, and
Chocolate Bays. Circulation is generally poor within these
semi-enclosed lakes and bays. Species diversity tends to be
low therein with high nopulation densities. The lower
portion of West Bay near San Luis Pass is tidally
influenced. This area has good circulation, species
diversity is high, and population densities are generally
low, thus indicating a more stable, well balanced biological
system, Salinities in Gulf Intracoastal Waterway are
expected to equal those in estuarine waters. The biotic
components would be similar to those occurring in the
brackish to saline waters already discussed.

Biological productivity of the estuarine area is generally ;Ez-

high and it provides habitat suitable for the development of
commercially important species. Diatoms are the most

abundant type of phytoplankton in the inshore areas. Genera .

normally encountered in samples include Melosira, Navicula,
Nitzgchia, and Chaetoceros. Dinoflagellates (Ceratium and
Peridinium) are the second most common phytoplankton. In
the brackish and saline coastal waters, zooplankton
populations are dominated by copepods with Acartia tonsa
being the most common copepod.3®

In brackish and saline waters, nematodes, copepods,
amphipods, ostracods, mollusks, and polychaetes are the
predominant benthic animals.3® The marsh clam,

(Rangia cuneata,) the American oyster (Crassostrea
virginica), and the blue crab, (Callinectes sapidus) are
abundant commercial species.

Coastal ichthyofauna (fish) of Texas is generally abundant
and diverse. The finescale menhaden (Brevoortia gunteri)

reach their greatest abundance in the coastal areas. The

bay anchovy (Anchoa mitchilli) is apparently a year-round

resident of the estuarine waters while most of the
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ichthyofauna is compfised of seasonal transients such as the
sea catfish, mullet, croaker, spot, seatrout, and red drum.

Three species of shrimp are commercially harvested in Texas,
but the brown shrimp (Penaeus aztecus) is by far the most
important. * Larvae and juvenile forms are common in .
egtuarine waters.

Rivers and Inland Waters

The most important water system within the county is the
Brazos River. The river has been dammed, and the diversion
channel passes to the west of the Bryan Mound site. The
original channel now forms the Brazosport Harbor which lies
to the east of the site. A large number of creeks, bayous,
sloughs, and streams such as Redfish Bayou, Oyster Creek,
and Jones Creek occur in the county. The San Bernard River,
originally a small stream, has been dredged, and it now is
utilized as a shipping channel. This channel enters the
Gulf of Mexico east of the Cedar Lakes and lies beyond the
scope of the study area. Reservoirs such as Harris and
Brazoria Reservoirs are scattered throughout the county.
Rivers and inland waters cover a total of 57,138 surface
acres within the county.*©

Dominant floral and faunal components of freshwaters in
Brazoria County include green algae (Scenedesmus spp. and
Staurastrum spp.), diatoms (Coscinodiscus spp., and Melosira
spp.) » and blue~green algae (Anabaena spp., and Oscillatoria
spp.) . Common macrophytes include the pondweeds
(Potamogeton spp.), duckweeds (Lemna spp.), and water-lilies
(Nymphaea spp.). Zooplankton samples include rotifers
(Synchaeta spp., Asplanchna sSpp. and Brachionus spp.),
copepods, cladocerans, and nematodes. Common benthic
macroinvertekrates are the amphipods, corixids, larval
dipterans, and Coleoptera. Predominant fishes of fresh
waters include gizzard shad (Dorosoma cepedianum), carp
(Cyprinus carpio), gar (Lepisosteus spp.), and sport fishes
such as the largemouth bass (Micropterus salmoides), channel
catfish (Ictalurus punctatus), and several species of
sunfish (Lepomis spp.) and crappie (Pomoxis spp.).

2.4.2 Environmental Setting of the Bryan Mound Storage Site

The Bryan Mound site is located near the mouth of the Brazos

b oAl
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River northeast of the Intracoastal Waterway and covers 216 surface

acres. This project would provide for storage of about 58 million

barrels of crude oil in four existing chambers in the Bryan



Mound salt dome. Surface development at the site would
require the drilling of a new entry well for each chamber,
and the installation of associated pipelines and pumping
facilities on the mound. This would require 3 to 5 acres in
addition to the use of an existing brine storage pond.

Four tanks for the temporary storage of crude oil
during £filling and recovery operations would be
placed on the northern part of the area. The
tanks and their associated safety dikes would
occupy about 20 acres of the site. A total of
about 30 acres would be required for on-site con-
struction (Table 2.7). Access roads are already
in existence.

The surface of Bryan Mound is considerably altered by the
presence of buildings, structures, and equipment left by
previous sulfur and on-going brine mining operations. Some
areas have sulfur contamination which has stunted the
vegetation. Where undisturbed, the mound is used
extensively by cattle for grazing. The area is relatively
poorly drained.

The Bryan Mound site is situated on Gulf Coast Prairie which

is surrounded by brackish marsh. These communities are

located in the Moreland-Pledger-Norwood Soil Association

which is calcareous, clayey, and loamy in texture. Figure L
2.21 depicts community types and physiographic features of £
the Bryan Mound dome and surrounding area. Gulf Coast

Prairie is the climax vegetation of the area and is probably
influenced more by elevation than by any other factor.

Prairie subject to saline water influence is dominated by

Gulf cordgrass (Spartina spartineae).

3y -

Herbivorous bird species, most common during the winter,
such as, Savannah Sparrows, Vesper Sparrows, White-crowned
Sparrows, and Song Sparrows are common on the open grassland
of the site. Resident insectivorous birds of the gulf coast
prairie include Common Nighthawks, Mockingbirds, Eastern
Meadowlarks, and Seaside Sparrows. Cattle Egrets, also
insectivorous, are numerous wherever cattle graze.
Carnivores of the prairie include permanent residents, such
as, Turkey Vultures, Black Vultures, White~tailed Kites, and
Marsh Hawks, and winter residents such as Red-tailed Hawks,
Sharp-shinned Hawks, and Swanson's Hawks. 3¢
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Table 2.7

Acres of each vegetation type affected by various components
of the Bryan Mound SPR facility.

Community Type

Facility Components Marsh Coastal Prairie Cleared Land
Bryan Mound Site — 0 © 30 0
(wells, roads and
temporary storage ,
tanks)

Pipelines 18 26 68
Dock Facilities 0 0 3

Water Sources and 0 0 0
Brine Disposal '

TOTAL 18 56 71

e
L]
o
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Community types and physiographic structures of the

e 2.21

Figur

Bryan Mound Dome and surrounding area, Brazoria, Texas.



Cattle are the largest herbivores found in the area and
probably consume the greatest amount of herbage of all
mammals present., Hispid cotton rats, rice rats, and eastern
cottontail rabbits are the most common mammals on the site,
although other small mammals occasiopally immigrate from
surrounding areas to forage.3*

The ornate box-turtle (Terrapene ornata ocnata), a prairie
inhabitant, is the most common primary consumer of the ‘
herpetofaunal group. The western diamondback rattlesnake is
the most important carnivorous herpetofaunal species in the
Gulf Coast Prairie. Southern leopard frogs (Rana spheno-

cephala pipiens) are considered important in the grassland
ecosystem. They are quick breeders following rain storms,
and this makes them potentially available in large numbers.

34

On the periphery of the Bryan Mound site are two one quarter
acre ponds. Only Mud Pit pond on the southeast corner lies
outside of the storm protection levee., Salinities in these
ponds are expected to vary between freshwater salinities and
up to 10 to 15 ppt depending on the season and flood stage
of the Brazos River.

Al

e

In the fresh and siightly brackish waters pennate and
centrate diatoms are generally common. However, from
sampling in the Freeport area, green algae were the most
abundant member of the plankton flora.3¢ Only one
filamentous algal species, the blue-green alga (Oscillatoria
erythreae) is recurring and abundant. This species was
absent in winter samples but made up 11 percent of summer
samples. The dinoflagellates Ceratium and Peridinium were
also abundant.

The University of Texas measured primary productivity of
phytoplankton in Galveston Bay and reported average gross
photosynthesis to be 2.25 mg-Carbon/liters/day in area
canals.* This figure averaged 8 percent higher than values
from marshes and 49 percent higher than values from the West
Galveston Bay. Production in the brackish to saline waters
at Bryan Mound is expected to approximate productivity
values from the Galveston area canals and marshes.

Zooplankton of krackish to saline waters of Texas reportedly
represents a relatively rich and diverse fauna dominated by
the Euryhaline copepod Acartia tonsa.*? Dames and Moore
reported that samples from the Freeport vicinity were
predominantly made up of nauplii and copepods.3* Nauplii
were present in all seasons but were particularly abundant
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in the summer in bay and estuarine stations. These

organisms apparently utilize the low-salinity, nutrient-rich

waters of the area to mature. EKhromov reports a zooplankton .
density in nearshore waters southwest of Galveston of

greater than 0.5 grams/cubic meter (g/m3).%3 Such biomass values

are reasonable for the saline to brackish waters of the site.

The benthos is influenced by the position of the saltwater
wedge.34 Most collections are dominated by polychaete
genera (Amphitrite, and Clymenella). Gastropods inhabit
these areas as well as pelecypods and crustacea. Ostracods
are abundant on soft, muddy, organically rich bottoms.

In the coastal zone, aquatic plants abound. Particularly
abundant are pondweeds (Potamogeton spp.), duckweed

(Lemna minor), arrowheads (Sagittaria spp.), water milfoil
(Myriophyllum spp.), and Spartina grasses. Brackish and
estuarine vegetation areas with Spartina grasses provide
important sources of organic matter to the water system
and provide habitats for numerous invertebrates such as
the Periwinkle (Littorina irrorata) and mussels.

Marshes are very productive in terms of numbers of animals
caught when all species are combined. Most abundant in this
area are brown shrimp (Penaeus aztecus), spot (Leiostomus
Xanthurus), menhaden (Brevoortia sp.), silverside (Menidia
beryllina), mullet (Mugil spp.), and eyprinids (Fundulus
similis and Cyprinodon variegatus).

wooosal
.
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2.8.3 Environmental Setting of the Pipelines .

Crude o0il would be transferred to and from tankers by a 30
inch pipeline which would extend through narshland and filled
and developed land to the dock facilities. The line would be
buried using conventional techniques with the surface
returned to its original contour. The p.peline would cross
the Freeport Storm Protection Levee, Highway 1495, two
secondary roads, and one pipeline. The final mile of the

eastern end of the line would parallel the existing Seaway
pipeline.

A similar 30-inch pipeline would connect the storage area
with the Seaway storage facility which is located on the
west bank of Jones Creek. This line would extend, in a
100-foot right-of-way, northwest from the site, cross the
Brazos Diversion Channel, and confinue across approximately
2.75 miles of marshland and coastal prairie. The pipeline
would meet the existing Seaway 30-inch pipeline approximately
0.25 miles east of the Jones Creek crossing (see Figure

1.7). The new pipeline would parallel the existing pipeline
route which runs across Jones Creek and into the Seaway Tank
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Farm. The Jones Creek area and adjacent marshes (see Figure
2.8 ), which the pipeline would traverse is a highly
productive bioclogical area. Typical of marsh-estuarine
systems, vegetation acts as an energy transfer mechanism in
converting mutrients transported by adjacent rivers, marshes,
and grasslands to food for bacterial and fungal decomposers.
The decomposers convert the plant material to food for
higher tropic consumers. Many of these secondary consumers
are important for commercial and sporting purposes and
include young Brown and White Shrimp, Blue Crab, Gulf
Menhagin, Atlantic Croaker, Sea Trout, Black Drum, and

Spot.

In July 1975 water quality data were taken at three points
along Jones Creek (see Section 2.2.1). Figure 2.8 indicates
the location of these sampling points. At point J-1 located
in a ponded area under State Fighway 36, the shore vegetation
was observed to be dominated by Scirpus sp., and Lemna minor
was observed floating on the water. Spartina sp. dominated
the shore vegetation at point J-2 and samples at location

J-3 were collected form a zone of Spartina alterniflora.62
The bottom substrate at all locations consisted of soft muds
which at location J-3 was covered by a layer of organic
detritus. :

et
Im
-

During the operational phase of the project, displacement
water would be required to remove the stored oil. A new
pipeline would be placed along an existing right-of-way
which extends for 5 miles just inside the Brazos River
flood levee. Two miles (12 acres) of the pipeline
corridor are in the coastal prairie system, and the

other 3 miles (18 acres) are within the developed area

of the Dow complex.



The pipelines would traverse marsh, coastal prairie, or
disturbed, and cleared areas. The saline and brackish
marshes provide excellent habitat for migratory waterfowl
that overwinter along the coastal areas. Snow, White-
fronted, and Canada Geese account for more than 60 percent
of the waterfowl population observed on the marshes and salt
flats during a 1973 survey.34 Waterfowl use the marshes in
the vicinity primarily for feeding; the birds move into the
area during the day and feed on the Olney bulrush and
saltgrass. The goose population of these marshes was
estimated at 80,000 birds during a later winter survey,
while the duck population was estimated at 2,000 to 3,000
ducks, with Northern Shovelers being the most numerous of 10
species,. 3¢

Hispid cotton rats, eastern cottontail rabbits, armadillos,
and canid (Canis spp.) species are found on the low marsh
and salt flats areas. The gulf salt marsh snake (Natrix
sipedon clarki) is found in the saline marshes of the area,
feeding primarily on fish.

Marshes of the area are inundated at least part of the
growing season and range from brackish to saline. No
specific vegetation relationship can be attributed to a
specific soil type, as vegetation here is influenced by
salinity from seawater from the Gulf of Mexico. Hardstem
bulrush (Scirpus olneyi) and saltgrass (Distichlis spicata)
are common species of the brackish marsh, while the saline
marsh and salt flat are dominated by smooth cordgrass
(Spartina spp.). Surface salinities in the Brazos River
diversion channel, range from 4 to 18 ppt while bottom
salinities probably range from 10 to 25 ppt.+*

e at
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In brackish to saline areas where marsh grasses provide the
source of organic matter and habitats, benthic

mussels (Modiolus spp.). bacteria, and scavengers are
commonly collected. Where aquatic vegetation is more
sparsely distributed or in the main channel, benthic



collections ccntain gastropod molluyscs, bivalve molluscs and
the crustacea.3*,42

It is certain that the Brazosport turning basin does not
possess a unique nektenic community. Most of the fishes
expected to appear in samples from the basin would be
transient adults from the marine environment or larval and
juvenile stages of migratory fish. The planktonic community
is dominated by pennate and centrate diatoms. The
dinoflagellates Ceratium and Peridinium also are collected,
but generally dinoflagellates are less numercus than diatoms
in euryhaline conditions.34 Zooplankton samples from Texas
bays and lagoons, which tend to be relatively rich and
diverse, are probably dominated by the copepod Acartia
tonsa. -

In the intertidal zone, the dominant benthic organisms are
young and adult insects, polychaete worms, bivalve molluscs
(particularly Donax variabilis), and a few crustaceans such
as the mole crab and ghost crabs. Periwinkles (Littorina
sp.) and isopods (Ligia spp.) are commonly found on exposed
rocks and pilings.*S Dames and Moore reported that ship
channel benthic stations in the Freeport area showed a
divergent communicy structure.3* No specific taxonomic group
predominated in the samples; several groups were

equally represented in their collection.

Rrrl
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2.4.4 Environmental Setting of the Dock Site

Transfer of crude oil to and from tankers would be
accomplished utilizing the Seaway dock facilities. The

construction of the ballast treatment system would disturb
approximately 3 acres of land (all of the area is cleared}.

Section 2.4.2 discussed the floral and faunal constituency
of this land, which is determined to a great extent by
human activity. The area in the vicinity of the dock
site and the ballast treatment system has been disturbed
recently during construction of the Seaway Dock and
pipeline.

2.4.5 Environmental Setting of the Water Sources and Brine
Disposal

Since the storage chambers are already in existence, there
is no requirement for a supply of leach water or pipelines for
the project. No brine excess would be produced during the
site preparation and construction phase. Brine evolved during

2-63



ponds and transported by existing pipelines to the Dow
Chemical plant. This brine would be used by Dow operations
in lieu of brine from wells at other locations.

facility operation would be processed through existing brine .

When it becomes necessary to withdraw crude oil from
storage, displacement water would be supplied from the Dow
industrial water supply system. This system withdraws water
from the Brazos River during periods of high flow and stores
it in two reservoirs (Harris and Brazoria). Water would be
withdrawn from a canal near Dow's Plant "BY and carried via
a new 24 inch pipeline to the dome. Any water used

during displacement would subsequently be returned as brine
to th2 Dow system during the ensuing £ill operations. This
brine would be used by Dow in lieu of brine from other salt
leaching operations.

No site specific data have been found regarding the aquatic
communities of Harris and Brazoria Reservoirs. According to
several Dow Chemical employees, Brazoria provides excellent
bass fishing opportunities to the sport fisherman. The
dominant floral and faunal components of these reservoirs
are expected to be similar to those found in other
reservoirs of Texas.*®

v
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Common macrophytes in fresh waters of the Texas Gulf Coastal
prairies include pondweeds, duckweeds, waterlilies, and .
arrowheads. Important components of the nektonic community
are the gizzard shad (Dorosoma cepedfanum), carp (Cyprinus
carpio), and gar (Leglsosteu spp.). These fishes are
generally considered undesirable to sport fishermen who
prefer angling for sport fishes such as largemouth bass,
crappie, catfish, and sunfish. Certain of the hybrid
sunfish (such as the green redear) are considered
excellent panfish. Buffalo fish are found in most of the
Texas freshwater lakes and streams, and they contribute 90
percent of the commercial inland freshwatér catch statewide.47

Green algae (Chlorophyta) are expected to dominate the
phytoplankton samples with diatoms (Coscinodiscus spp..,
Melosira spp., and Pleurosigma spp.) and blue-~green algae
being important constituents. Often zooplankton samples
from reservoirs are numerically dominated by rotifers.
Copepods may be the second major zooplanktonic constituent
with cladocerans and nematodes following in importance.
Aquatic larval stages of the insects Diptera (flies) and

2-64



Coleoptera (beetles) generally dominate samples collected
from submerged logs and aquatic plants. Amphipods (scuds)
and Corixidae (water boatmen) are also common. Abundant
macroinvertebrates in the profundal zone are the
Chironomidae, Ceratopogonidae, oligochaetes, and bryozoans.

2.4.6 Rare and Endangered Plants and wildlife

A considerable number of rare and endangered species have
been identified in the Texas coastal zone. However, because
of the proximity of the Bryan Mound site to human
‘habitation, relatively few species are found within the
area.

Three plant species included in the Texas Organization for
Endangered Species (TOES) are found within the general area
of Freeport.+8 Sea-oats (Uniola paniculata) have been
sighted southeast of the Bryan Mound Site between 01d
Reservoir and Bryan Lake.34% Sea-oats provide habitat for
much of the terrestrial wildlife in dune areas as they
ger.erally grow in thick clumps associated with other
vegetation. Spartina alterniflora (smooth cordgrass or
Oystergrass) has keen observed growing along the 01d
Intracoastal Waterway.3* The third plant species, black
walnut (Juglans nigra), occurs approximately 8 miles
northwest of the Bryan Mound site.3¢

»eendidl
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The U. S. Department of Interior, Fish and Wildlife Service
designates rare and endangered wildlife.*? Within the
region, wildlife included on the national list are the
Peregrine Falcon, Brown Pelican, Southern Bald Eagle, red
wolf, and American alligator. Because of the wide ranging
mobility of the Peregrine Falcon and its attraction to open
areas, there is a reasonable chance that the bird may
traverse the area of the site. 1In 1969, a Brown Pelican was
sighted at Freeport by the Audubon Society. Because their
numbers are extremely low, it is unknown if any are within
the project region at this time. The Scuthern Bald Eagle is
known to nest in the area, and is generally declining in
population throughout the south due to reproduction
failure.59 The Reddish Egret (considered by TOES to be rare)
has been sighted in the region.3¢

The red wolf formerly ranged over much of the Southeastern
United States, but it is now restricted to a few
southeastern counties of Texas (one of which is Brazoria
County) and Cameron Parish, Louisiana. Human activities,
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hunting, and parasites appear to be major limiting factors .
of the red wolf.51l

The American alligator, which has been protected for saveral

years, also is likely to be found within the region. The
Texas horned lizard (Phrynosoma cornutum) which is

considered by TOES to be rare has been sighted in the
region.34 Marine reptiles such as the Atlantic Ridley Turtle
Lepidochelys kempi) and the leatherback turtle

(Dermochelys coriacea) are co28idered endangered by the

U. 5. Department of Interior. All of these species have
been recorded in Brazoria County, but are not expected

to be affected by the project.

2.4.7 Commercially Important Species

Agriculture

Commercially important vegetative species in Brazoria County
are limited generally to rice, grain, and sorghum
production. Brazoria is one of 13 coastal Texas counties
which account for 30 percent of the nation's rice harvest.
Although sorghum is considerably less important than rice,
in county-wide farm production (1969) 171,172 bushels were
harvested from 7,574 acres of land.S%2 Overall farm land
within the county used for crop production in 1969 was
95,616 acres, approximately 10 percent of the total county
acreage. No commercial timber is harvested within the

county and pecan production is not commercially profitable.

‘mw
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wildlife

Commercially valuable wildlife within the region include
racoons, opossums, foxes, and nutrias. Hunting of
migratory waterfowl along coastal Texas in winter
provides income to the county through hunting lease
sales and associated hunting expenditures.

Aquatic Organisms

Estuarine waters, river mouths, and passes along the Gulf
Coast provide excellent nurseries for juvenile shrimp and
fish. Although Brazoria County lacks the large bay system
more characteristic of other Texas coastal counties, the
importance of all estuaries and marshlands along the coast
cannot be overlooked. This county is important considering



the coastal zone as a whole. In 1968 Freeport landed
9,171,700 pounds of shrimp for a value of $8,295,814 which
is 17.5 percent of the entire Texas coast catch in pounds.

Commercial fishing is a multimidlion dollar business along
the Texas coast, Tlancings for 1971 totaled 167.1 million
pounds for a walue of ©¢9.8 million dollars. The 1972
landings were smaller at 115.2 million pounds, but are still
impressive on a national basis. Table 2.8 presents pounds
of total Texas landings of finfish and shellfish.

The major commercial species on the Texas Gulf Coast are ,

-shrimp, oyster, menhaden, blue crab, and several common

sport fish. The bays and es*uwaries are biologically very
important areas since the marshes serve as the nursery
grounds for most of the commercially important species on
the Texas coast. In almosc all cases, specimens collected
from marsh areas are juveniles. The greatest species
diversity and population densities occur at passes and river
mouths within the Brazoria County area.3¢

Members of the croaker family (including the seatrout, drum,
and Atlantic croakerlare the most numerous fishes collected
in Texas coastal waters. These migrant species move into
the saline waters of the Gulf in October through December.,
Most fishes return to the bays from February to April.Se
Oother important commercial fishes whose migratory behavior
brings the young into estuarine waters include menhaden
(Brevoortia spp.) and mullet (Mugil spp.).

o dual

o

Shrimp are the single most valuable marine product in Texas.
Shrimp landings in the state amounted to 92 percent of the
total dollar value of finfish and shellfish in 1970 and
1971.%2 From 1966 to 1971, Texas landings have accounted for
37 percent of the Gulf state shrimp catches. Brown shrimp
(Penaeus aztecus) is the most abundant shrimp in Texas
waters and tends to be concentrated in the intermediate zone
from Galveston to the Rio Grande.39

Although many species of crabs are collected in Texas
coastal waters, the blue crab (Callinectes sapidus) is the
only crab extensively exploited by man. Contrasted to the
shrimp, adult blue crab populations are fished in nearshore
bays as well as on the inner shelf of open Gulf waters.

The American oyster (Crassostrea virginica) occurs in
estuaries and passes with salinities ranging from 10 to 30
ppt. Most of the producticn in the last few years has been




Table 2.8 Pounds of Total Texas Landings of Pinfish and Shellfish in
1970 and 1971 S3

Species
Crabs, Blue
Oysters, Meats
Shrimp (Heads-On)
Brown and Pink
White
Cther

Squid

Total Shz21llfish

Total Finfish and
Shellfish-

1970
Pounds

5,525,400
4,674,700
69,252,000
19,071,100
2,600

9,700

98,535,500

146,936,300

1971
Pounds

5,809,600
4,744,300
72,758,325
14,091,924
64,260

9,500

97,479,509

167,154,601

1972
Pounds

6,444,680

3,908,714

98,247,657

5,610

108,606,661

115,231,871
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centered in Galveston, San Antonio, Matagorda, and Aransas
Bays. None of these bays are within Brazoria County.

2.5 SOCIOECONOMIC CHARACTERISTICS

2.5.1 Population Dencsity and Growth

The Bryan Mound project site is located just southwest of
Freeport, Texas in Brazoria County. The county's population
has increased from 76,000 in 1960 to 108,000 in 1970, and to
an estimated 131,000 in 1976. This growth rate is the
result of rapidly expanding industrial development in the
area. A detailed examination of Brazoria County is given in
Appendix F. '

The area in the vicinity of the project, known locally as
the "Brazosport" community includes the municipalities of
Brazoria, Clute, Freeport, Jones Creek, Lake Jackson, Oyster
Creek, Quintana, Richwood, and Surfside Beach.
Unincorporated areas include Bryan Beach, Gulf Park, and San
Luis Pass areas. In composite, they make up the area which
in the past two decades has become known simply as
"Brazosport." See Figure 2.22 for the location and size of
these population centers relative to the Bryan Mound Site.
Brazosport has a single consolidated school district, a
single junior college district, country club, planning
commission, chamber of commerce, and most of its civic,

‘ social, charitable, and cultural institutions are unified to

radal
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represent the whole area. The area is primarily industrial
and is the population center of Brazoria County. Brazosport
has an estimated population of 55,650 in an area of 270
square miles.

Towns and Urban Areas

The cities included in the Brazoport community all operate
within a single, complex community base. Home rule cities
in Brazosport include Freeport, with the only mainland
deep water port in Texas; Clute, at the geographic center;
and Lake Jackson, the largest city in Brazoria County.

The municipalities of Richwood, Jones Creek, Oyster Creek,
surfside (the historic city of Brazoria), and Quintana are
part of this diverse community, as is the village of
Havenwood, the Bryan Beach area, Lake Farms, and the various
populated areas along Bastrop Bayou, Oyster Creek and on
the Brazos and San Bernard Rivers.
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Freeport

This city is the port city for Brazoria County with an
estimated population of 13,500 in 1976. Freeport is the
base of fire and police protection for the project. It is
about 2 miles from the site by County Road 2462. Freeport
can be expected to provide some of the labor and much of the
equipment and supplies for the project.

Brazosport Community

Located at the confluence of several waterways, Brazosport
straddles the line between deep forest and Gulf floodplain,
providing a variety of land types ranging from salt marsh to
open grassland to dense big tree forest. In addition to the
open sea at its doorstep, Brazosport has hundreds of miles
of inland waterways. Both the Brazos and San Bernard Rivers
meet the Gulf here. In close proximity are Oyster Creek,
Jones Creek, Bastrop, Buffalo Camp, and East Union Bayous,
several small waterways, the Brazos Harbor -Channel, the port
of Freeport, and the Gulf Intracoastal Canal. Through this
maze are woven numerous industrial and commercial canals,
several lakes of various sizes and shapes, and a string of
large inland bays.

LRyl
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Historical Growth and Trends

For the past three decades, this complex community has shown
outstanding expansion both industrially and recreationally
to produce what probably has been the highest consistent
growth rate among midrange communities in Texas. During the
decade 1960-1970, for instance, Brazoria County's growth
rate was over 40 percent, the highest in the eastern half of
Texas, with the bulk of this growth in Brazosport.

Brazosport is closer to 100 foot deep Gulf water than any
other point on the upper Texas coast and this proximity of
deep water has had a profound effect on the area's
development. This factor, combined with the natural
waterway of the Brazos River, made this an important
commercial area in the early days. In the 1940s Dow
Chemical discovered an abundance of clean, fresh seawater
close at hand, with access to a deep harbor which was
created here a decade earlier by diverting the last few
miles of the Brazos River. This played a major part in the



location of the chemical industry. Dow's Texas Division is
the economic cornerstone of the modern Brazosport community,
providing economic weight and consistency to a diverse area.
Both internal and external expansion of industry have been
rapid and constant here, since the beginning of the areats
industrial growth. Existing plants grow larger and new
plants open at regqular intervals.

The population growth of this area results largely from the
development of natural resources: natural gas, oil, salt,
seawater, oyster shell, sulfur, and a healthy, enjoyable
year round climate for tourists. The entire area is a
turmoil of construction and efforts to keep services apace
with rapid development. Projects are built by the dozen:
roads and highways, water transportation improvements, new
industrial starts, new commercial and residential areas,
technological advances, new economic base and growth of the
existing base.

The frontal levee system protecting the area from storm
.tides has recently been increased to a 21 foot elevation.
This system will be complete with installation of a gate on
the harbor channel. Plans are underway now to widen and
deepen the harbor, to a depth of 45 feet and a width of 1200
feet. Construction plans also are being finalized to bhuild
the nation's first "superport™ 30 miles off Brazosport'’s
shoreline. It is expected that the Seadock project will
generate substantial onshore construction by a number of :
product-related companies. £

e
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2.5.2 Cultural Patterns

Past, present, and future share the spotlight in Brazosport
which is both the oldest and the newest area in modern
Texas. The first European explorers of Texas landed here in
the 1500s. Later, the early Texas immigrants came to this
point by sea to establish Stephen F. Austin's first colony.
This was the site of the first armed conflict between Texans
and Mexicans in the battle of Velasco in 1832, 4 years ahead
of the Alamo.

Six national flags, and possibly a seventh, have flown over
the soil of Brazosport: Spain, France, Mexico, the Republic
of Texas, the Confederacy, and the United States all have
claimed this area, as did a short lived government called
the Republic of Fredonia. The original owners of the
central Texas coast, a tribe of seven foot tall cannibal
Indians called the Karankawas, were present long enough to



See all seven flags. Now extinct, the fierce "Kronks" were
recorded in the area as late as the early 1900s. The new
residents are people from all over the United States and
from other countries. A preponderance of people in the
community were born, raised, and educated elsewhere and
moved here as adults. According to the Brazosport Chamber
of Ccommerce, persons of Spanish descent and American Negro
are the only significant ethnic and minority groups in
Brazosport community. Overall, both groups make up from 11
to 13 percent of the Brazosport population. Of these
percentages, Negroes comprise about 40 percent and persons
of Spanish descent about 60 percent of the minority
grouping. According to the 1970 U.S. Census, Freeport had a
population distribution of 10.7 percent Negro and 9.6
percent of Spanish descent.

Housing

All types of housing are in short supply in the Brazosport
area. At least 700 new housing units are being constructed
each year in the area but supply has not kept up with the
demand. Most mobile home parks are filled to capacity. A
large percentage of the work force are forced to commute .
from other areas, and even from as far as Houston (about 40
miles) . This situation will probably continue for some
time due to the rapid growth of the area.
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Education

The educational attainment levels of the population 25 years
of age and over in the Brazosport area is 2 years better
than is the national average.

Brazosport has a single consolidated school district and a
single junior college district. There are 16 public schools
consisting of 2 high schools, 3 intermediate schools, and 11
grade schools with a total enrxollment of 10,813 students.
Brazosport College was established in 1968 and offers
programs leading to_associate degrees in many academic and
technical vocational areas. The 1974 enrollment was 3,409
students with a faculty of 136. The college is located in
Lake Jackson.



Police and Fire Protection

Police and fire protection for the project would be provided
by the City of Freeport and the Brazoria County Sheriff's ‘
Office. Freeport has 19 full time police officers

(including a chief), 5 dispatchers, and 7 police cars.

Several deputies from the Sheriff's Department reqularly

patrol areas outside municipalities. Freeport has a paid

full time fire department with 7 firemen and a chief. At

the present time, 2 additional openings for firemen are

unfilled. The fire department has 2 modern pumper trucks

and 1 foam trailer for chemical fires. Additional fire

fighting units and personnel are available from adjacent

communities under an established and tested system for

mutual assistance. A large number of trained volunteer

firemen are available if needed.

Bospitals and Medical Pexrsonnel

There are three hospital districts and four hospitals in
Brazoria County. The largest insitution, Community Hospital
at Freeport, has but 129 beds and 5,850 annual patient
discharges. The Texas Medical Center in Houston provides
for major medical services to county residents and its
access will be improved upon completion of Freeway 288. No
increase in inpatient capacity in Brazoria is expected for
the foreseeable future. Five small medical clinics are also
located in the Brazosport area. There is a shortage of
medical personnel in the area. An established system for
emergency evacuation of seriously injured persons by
helicopters and fixed wing aircraft exists. Injuries of .
large numbers of persons would cause serious problems for

proper care and evacuation.

o

2,5.3 Economic Characteristics

Chemicals

The largest basic chemical manufacturing complex in the
world is in Brazosport, centered around the Texas Division
of the Dow Chemical Company (5,000 plus employees). Local
manufacturers include Nalco Chemical (50 to 99 employees),
shinTech, Inc. (50 to 99 employees), Hoffman-LaRoche,
Schenectady Chemicals, Inc. (25 to 49 employees), Dow
Chemical's new Brazosport Plant (8 to 24 employees), Dow
Badische (250 to 499 employees), Rhodia, Inc. (100 to 249
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employees) , Shell 0il Buccaneer Piant, Dow's Oyster Creek
Division (250 to 499 employees), Red Barn Chemicals (8 to 24
employees) , all in the chemical field. A variety o%f diverse
industries such as Rhe=m Manufacturing Company, Mallay
Corporation, Maencor, Rig Tihree Indusiries, and numerous
small plants alsco axe Jncatad in the area.

Fishing

The area is a seasonal home to one of *he world?s largest
shrimp fishing fleets, producing as much a5 153 million
pounds of shrimp annually. The beaches, the sports fishing,
and the recreation facilities of Brazospor: attract an
annual crop of visitors who ovtnumber the vesident
population by abovt five ¢t ome,

Employment Distribution

Unemployment is practically nonexistent in the Brazosport
area, with a January 1976 rate of 2.1 percent unemployed,
the greatest number being in the chemical or fishing
industries. Other significant occupations are metal
finishing, printing, machine shcp, mattresses and
upholstery, metal roofing and sheet metals., ships and boats,
heavy marine construction, and food processing. A large
proportion of loczl workers commute from other nearby areas
because of lcoal housing shortages.,

el
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Income Distribution Patterns

A survey by Sales Management Magazine in 1974 provided the
following information on households in Brazoria County:

Total Net Income $515,896,000

Median Household Effective $14,086
Buying Income ({(EBI)

Average Household EBI 314,782

Percent Households by EBI Groups

$ 0-2,999 8.9%
$ 5,000-7,000 9. 1%
$ 8,000~9,000 6.6%
$10,000-14,999 25.2%
$15,000-& over G4,.5%



2.6 UNIQUE FEATURES

2.6.1 Archaeolgoical and Historical Sites

The Texas coastal zone contains archaeological sites
providing evidence that humans have inhabited the region
for as long as 15,000 years.55 The discovery and study

of archaeological sites is essential to the understanding
of man's cultural evolution in this part of the world.
Brazoria County contains 37 sites. These sites are similar
to many of those found in the coastal zone in that they
contain middens of Ostrea and Rangia shells, and most are
located on or near the strand.??

There is one hisggric site on the National Register in
Brazoria County. This site is the John McCroskey Cabin
located 2 miles northeast of Cedar Lake on Stringfellow
Ranch (approximately 17 miles west of Bryan Mound}. Also,
two sites have been chosen by the Texas State Board of
Review for submission to the National Register. These
sites are tgg Levi Jordan Plantation and the Varner-Hogg
Plantation. The Levi Jordan Plantation is located
approximately 10 miles north of Bryan Mound dome and the
Varner-Hogg Plantation is 10 miles northwest of the dome.
The proposed project would not interfere with these sites
in any way.

In compliance with Section 2(a) of Executive Order 11593,
"protection and Enhancement of the Cultural Environment"
(May 13, 1971), a survey has been carried out to locate,
inventory and nominate eligible historic, architectural
and archeological properties to the National Register of
Historic Places. The results of this survey showed that
the proposed undertaking will not result in the transfer,
sale, demolition or substantial alteration of eligible
National Register Properties. As the project

progresses, additional surveys will be carried out

to determine that no additional eligible properties

have been uncovered.

-

"

In compliance with Section 1(3) of Executive Order 11593

it has been determined that the proposed project will not
result in the destruction or deterioration of non-federally
owned districts, sites, buildings, structures or objects

of historical, architectural or archeological significance.

2.6.2 Parks, Wildlife Refuges, and Scenic Areas

In Brazoria County there are two county recreation areas,
two National Wildlife Refuges, one National Audubon Society
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Sanctuary, and one State Park. Quintana-Bryan Beach and
Surfside Beach are 157 acre and 304 acre recreational areas.
Quintana-Bryan Beach is located 2 miles southeast of the
Bryan Mound site and Surfside Beach is 5 miles east of the
site. Both areas have plgggrounds and are used primarily
for swimming and surfing. Bryan Mound Beach State Rec-
reation Area is located approximately one mile south of
Bryan Mound. This area was recently obtained by the Texas
Parks and Wildlife Department and contains 877 acres. The
recreational facilities are being planned for future public
use. :

The National Audubon Society owns several tracts of land in
the Texas coastal zone which are used as wildlife refuges.
Some of these are located near national wildlife refuges and
serve to extend the sanctuary provided by these refuges.
West Bay Bird Island is one such sanctuary located east of
Brazoria National Wildlife Refuge in West Galveston Bay.
Bird Island is managed primarily for the protection of
ibises, Roseate Spoonbills, and egrets.55

The U. S. Fish and Wildlife Service administers five wild-
life refuges on the Texas coast. Two of these (Brazoria and
San Bernard) are within Brazoria County (see Figure 2.4).
San Bernard National Wildlife Refuge, which was established
in November of 1968, is Texas' newest wildlife refuge. The
refuge contains 14,920 acres in Brazoria and Matagorda
counties, approximately 6 miles southwest of the site, and
is currently administered by the Angleton office of the U. S.
Fish and Wildlife Service. The primary wildlife for this
refuge are: geese, ducks, wading birds, shorebirds, and red
wolves. The water fowl population averages about 3,000
Canadian Geese, 74,000 Snow Geese, and less than 20,000
ducks. Because the refuge was not staffed until September
1972, estimates of the populations for other wildlife
species are not available. In 1970 the San Bernard National
Wildlife Refuge received 538 visitors.42,55,56

Brazoria National Wildlife Refuge, located on the Coastal
Plain of southeast Texas (17 miles southeast of Angleton),
contains 9,530 acres of coastal marsh and prairie in
Brazoria County, approximately 8 miles northeast of the
site. Three-fourths of the refuge is less than 4 feet in
elevation. Spoil bank knolls and windbreak plantings are
the only breaks in the marsh vegetation. The primary
wildlife of this refuge are: geese, ducks, red wolves,
alligators, and muskrats. The refuge offers public hunting
and fishing in limited areas, sightseeing, birdwatching,
and nature photography. The refuge office, which also
administers the San Bernard National Wildlife Refuge, is
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the smallest refuge on the Texas coast and Had 524 visitors
in 1970.38,42,55,56,57

2.6.3 Biologically Sensitive Areas

The coastal prairie and marshes of the upper Texas coast, of
which Brazoria County is a substantial part, provide habitat
for numerous species of wildlife. Several of these species
of wildlife are endangered (see Section 2.4.6). Of all the
nationally endangered species or subspecies which frequent
the area, three of these (Southern Bald Eagle, American
alligator, and red wolf) nest or permanently reside in the
area and thereby rely heavily upon Brazoria County habitat.

The only remaining red wolf population in the United States
is restricted to the southeastern region of Texas in the
counties of Liberty, Chamber, Jefferson, Brazoria, Harris,
and Galveston, and in Cameron Parish in southwestern
Louisiana.S! Apparently, two separate subspecies exist which
are separated by Galveston Bay and the Houston Metropolitan
area. Canis rufus rufus is the subspecies found in Brazoria
County. Both populations are restricted to the coastal
prairie and marsh habitat.S3%

The range of the American alligator, which includes 8 ]
Brazoria County, extends along the entire Texas Coast r g

and throughout most of the eastern third of the state.

The Southern Bald Eagle is known to nest in Brazoria .

County.S3 Its nest is a large structure usually in a large
tree near a body of water. Nesting in woodlands or Savannah
of the area, the Southern Bald Eagle probably utilizes the
open water bodies of the prairie and marsh areas of the
County while foraging for fish, its main food.

The coastal prairie and marsh land is also important to
waterfowl. Major concentrations of Texas' wintering
waterfowl populations are found along the coast. Brazoria
County supports a substantial proportion of these wintering
populations, particularly in the San Bernard and Brazoria
National Wildlife Refuges.
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3. ENVIRONMENTAL IMPACT OF THE PROPOSED ACTION

3.1 LAND FEATURES AND USES

The localized environment that would be impacted by dike
construction around the tanks and wellheads of the strategic
petroleum reserve facility would encompass about 30 acres.
Also, 112 acres are required for pipeline rights-of-way and
3 acres for proposed facilities at the Seaway tanker dock
facility. Minor soil erosion would occur during the con-
struction activities. This impact, however, is considered
a temporary adverse effect.

Human activity in the past has altered natural drainage
patterns by channel cuts, levees and road construction, and
river diversions. Further construction would simply add to
the already altered setting.

3.1.1 Geologic Impacts

Constriction

One potential impact (subsidence) could produce cumulative
effects on area geology. Subsidence has been measured in
surrounding areas and in Freeport for over 30 years.! This
subsidence is caused by compaction of subsurface aquifers
following the pumping out of large guantities of ground water.
However, leveling from wellhead to wellhead using surveying
techniques has not identified active subsidence for a period
of several years.>?

Storing oil in cavities would not be affected by surface sub-
sidence. However, because of the removal of sulfur from the
caprock, the potential for subsidence on the site may be
increased by construction of large (400,000 barrel) above
ground storage tanks. The increased loading of the surface
could result in aquifer compaction and subsidence in the
immediate vicinity of the tanks. If subsidence due to the
weight of the oil in the storage tanks did occur, stress would
be placed on the pipelines leading to the tanks. Failure of
the pipeline’would depend on the amount of subsidence. The
oil spilled if the pipeline did rupture would be. minor and
probably would be contained by the dikes surrounding each
tank. Subsidence would possibly include the dikes but breech-
ing of the dikes would not be likely because the area under
the tank would probably be the point of greatest subsidence
and the dikes would be on a contour of relatively equal sub-
sidence. The design of the system calls for structural re-
enforcement of the tanks, but if an o0il leak did develop
during subsidence the subsidence "bowl" would serve as an
additional containment for the oil.

wad A

.

-



Surface changes caused by drilling four new wells, forming

gravel filled and shell covered drilling pads, constructing

a retention dike, and laying pipelines would have minimal

impacts on the already altered geology and be worthy of

brief mention only. Except for small areas, the texture .

and chemical properties of the surface soils should in no
way be altered.

Operation

The area around the Bryan Mound dome is considered to be in
a seismic risk Zone 0; that is, no surface earthquake damage
is reasonably expected. Fault zones in the area are
apparently stable. Routine operation of the facility is not
expected to result in any geologic effects.

The terrain that is altered for levee construction, well
pads, and storage facilities would need to be maintained for
the operational life of the project. These man made
structures may slightly alter surface water runoff, but
should not affect existing storm levees or their design
capabilities.

Geohydrology

Under normal operations, impacts on the geohydrology of the
area should be negligible. Since displacement water would be
drawn from the Brazoria and Harris Reservoirs (not from
subsurface aquifers) no direct impact on ground water

quality should ke observed.

Soils .

Routine operating conditions are not expected to affect soil
conditions significantly. Small amounts of fill dirt and
shells would shift to immediately adjacent areas. During
floods, larger quantities of fill may be transported to
surrounding areas. The amounts and types of £ill would not
significantly change the character of nearby soils.

miw

3.1.2 Land Use Impacts

construction

The construction necessary for completion of the Bryan Mound
dome storage facility would have an impact on land use in
three areas: the dome itself, the dock facility, and the
interconnecting pipeline system.

Storage Site
The construction of new entry wells, pumping facilities,

temporary storage facilities, and other necessarI structures
would involve the use of about 30 acres of the 215 acre salt

dome. This land area is already industrially developed.
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Its use would continue to be restricted and is not likely

to change because of the private ownership of the land. Any
subsidance which occurs would be confined to the site and
only buildings associated with the project would be affected.

Dock PFacilities

The construction of ballast treatment tanks at the dock
facilities would require 3 acres of land previously develo-
ped. For this reason their construction would have little
effect on existing land use.

Pipeline System

Three new pipeline systems would be built. One system would
be used for crude oil transportation between the Bryan Mound
storage facility and the dock facility at Freeport. The
second would provide for crude oil transportation between
Bryan Mound storage facility and Seaway storage facility.
The third system would be used for transporting displacement
water to the Bryan Mound storage facility. Table 3.1 pro-
vides a brief summary of the mileage and acreages of each
pipeline system relative to the environs each impacts.

sndAl
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The crude pipeline connecting Bryan Mound and the dock
facility at Freeport would be 3.7 miles long and would re-
quire a 100 foot wide right-of-way. The construction of this
pipeline would impact 45 acres of developed land, about

half of which is adjacent to an existing storm levee. ‘Ine
remaining acreage is industrial land at Bryan Mound and

in the Freeport Harbor area. This pipeline would have little
impact on these previously disturbed areas.

Constructing the crude oil pipeline connecting Bryan Mound
and Seaway storage facility would require 18 acres of marsh,
8 acres of developed land, and 26 acres of coastal prairie
it also crosses the Brazos River. The pipeline would be 4.4
miles long and would require a 100 foot right-of-way. The
developed land required for construction of this pipeline is
all on Bryan Mound, and its use would not be impacted by
pipeline construction. The 26 acres of coastal prairie
vegetation disturbed during construction should return to
previous cohditions during the next growing season. The
temporary disturbance of 18 acres of marsh habitat would be
the most serious impact resulting from the pipeline construc-
tion and is likely to leave a noticeable alteration of the
habitat over a longer time (See Section 3.4).



Table 3.1. Land Required for Pipeline Systems
Pipeline Bryén Mound Bryan Mound Bryan Mound
System c N .
Environs o o o
Impacted Dock Facility Seaway Storage Displacement
Facility Water Source Total

Marsh

Acres 0 18 0 18
Developed

Acres 45 8.4 1}5.0 68.4

Miles 3.7 0.7 5.0 9.4
Coastal Prairie

Acres 0 26.4 o] 26.4
Total

Acres 45 52.8 15 112.8

Miles 3.7 4.4 5.0 13.1
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The pipeline which would supply displacement water to Bryan
Mound would be 5 miles long with a 25 foot right-of-way. A
total of 15 acres of developed land along an existing right-
of-way would be required to construct this pipeline.
Construction would have little!effect on land use of these
15 acres. Although vegetation would be temporarily disturbed
it would return to its previous condition during the next
growing season; however, occasional mowing on rights-of-way
would continue to disturb vegetation for the life of the
project.

Operation

Operation of the SPR program at Bryan Mound would require
land at the storage site at the dock site, and for pipeline
rights-of-way. The impact on land use is much greater
during the construction phase than in the operational phase
which is discussed here.

All land required for operation of the storage site and dock
facility is industrially developed, privately owned land.
The existing land use restrictions would be retained
throughout the life of the project.

b Al

.

The intercomnecting pipeline system involves 3 separate
pipelines that would require a total of 112 acres of land.
The 68acres of developed land required would suffer no
additional land use restrictions. The 26 acres of coastal
prairie maintained as right-of-way would be allowed to return
to its original state during the operation of the pipeline
except for occasional mowing and so land use would therefore
not be affected. The total of 18 acres of marsh required
for right-~of-way for the 2 crude oil pipelines would suffer
the greatest land use impact. A semipermanent scar of 1.5
miles would probably result from maintenance of this right-
of-way along the marsh.

3.2 WATER QUALITY

Site preparation and construction would involve dredging €or
the laying of a pipeline across the Brazos River Diversion
Channel and across Jones Creek. The dredging operation
would have a temporary impact on the environment. A consid-
erable amount of earth moving will occur at the site during
construction of dikes, roads, and pipelines. Such activity
would also have some impact on the water environment. In
addition, certain chemical and biological pollutants would

be gnerated by the construction and must be taken into
condiseration.
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3.2.1 Impact of Dredging .

The location of the dredging is indicated in Figure 3.1.
Water quality degradation may result from (1) an increase in
turbidity of the water; (2) the release of toxic sulfides;
(3) the release of toxic heavy metals or arsenic; or (4) the
release of pesticides or other toxic hydrocarbons trapped
within the bottom sediments.

At the site of the dredging activity in the Brazos Diversion
Channel, there would be an inevitable increase in turbidity
as a result of the turbulence created by the dredge. If the
bottom sediments are polluted, the release of a fraction of
these pollutants during dredging cannot be avoided. Thus,
the probable severity of the impact must be established.
Most researchers have concluded that the dredging operation,
using modern techniques, has little local effect on the
water overlying the sediments.2,3,¢,5,6 This appears to be
the case even when the sediments are highly polluted. These
investigations report that some dredging activities increase
water turbidity and other parameters to a very minor degree
up to a mile from the dredge site under certain conditions.
A significant increase in any parameter has been reported
only within 200 feet of the dredge.

a1
w

Probably the most significant impact observed wWould be the
turbidity plume generated by the sediment discharged into )
the river channel. Previous studies of canal dredging in

Louisiana have indicated that silt can be carried as far as .
1,300 feet from a dredge discharge. However, at distances

greater than a few hundred feet, turbidities did not exceed

those often attained under natural conditions.? The amount

of material drifting away from the dredge discharges was

estimated to be only one percent of the total dredged

material, and evidence of fine material in suspension was

lost in the natural turbidities over distances of 1,000

feet,

Because of the very likely presence of currents and wave
action in the river, the turbidity plume may extend over a
larger region. The size and duration of this plume would
depend upon the size of the dredge and the length of time
during which dredging occurs. It is reasonable to expect a
moderate increase in turbidity at distances as great as

one mile from the dredging site when the current is strong.

In addition to turbidity, consideration must also be given
to the possible pollutants which might be released from the
bottom sediments. Because of the absence of standard elu-
triate samples for the lower Brazos River, it is difficult
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to predict the nature of such releases. A lim%ted picture
can be developed based on available water quality and sedi-
ment data provided in Appendix B-5. (See Section 3.4.2 for
evaluation of the effect on species and ecosystems).

The pipeline would cross Jones Creek at a point approxi-
mately 4.5 miles north of where the creek discharges into
the Intracoastal Waterway. Water quality data for this
area is discussed in Section 2.2.1. Limited water quality
data was obtained for Jones Creek in July 1975. Of the
three points tested, location J-2 was the closest to the
proposed pipeline cronssing (see Figure 2.8).

It is expected that pipeline burial would cause an increase
in suspended solids downstream of the dredging site. Lack
of volumetric flow data and standard elutriate samples for
Jones Creek make it difficult to estimate the composition
and dimensions of the plume of suspended sediment that will
be created during dredging.

The pipeline would cross Jones Creek approximately 4.5 miles
north of where the creek discharges into the Intracoastal
Waterway. The ecological setting of this area is described
in Section 2.4.2. Pipeline burial will increase turbidity
at the site and downstream from the site. Pipeline burial
may also result in the release of dissolved nutrients.
Because Jones Creek flows less rapidly than the Brazos
River, the increase in dissolved nutrients could temporarily
elevate the BOD downstream from the pipeline crossing.

=
H

'!'l'
B
The proposed disposals and transportation for disposal of
dredged materials will be performed in accordance with all
applicable Federal laws and regulations. (See Section 9.2).

3.2.2 Impact of Earth Movement

Sediment represents the major nonpoint source of water
pollution on most construction sites, especially on those
which require extensive grading. Sediment includes solids
and organic materials detached from the ground surface by
erosion and carried into the drainage system principally by
runoff. The introduction of sediment into various natural
bodies of water and the associated turbidity and solids
deposition result in numerous adverse physical, chemical,

and biological effects. Suspended sediment ultimately
reduces the storage capacity of waterways, increases flooding
hazards, foulds and destroys aquatdic habitats, diminishes
recreational and property values, and enhances the transport
of other harmful pollutants such as human and anumal sanitary
wastes, pesticides, and petrochemicals.

The site preparation and construction activity would involve

a significant amount of earth movement. Approximately 64,500
cubic yards of earth would be displaced during this process,
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excluding the dredging operation. Associated with t@ig move-
ment of earth, approximately 20 acres of coastal prairie would
be disturbed. (See Section 3.4.1 for evaluation of the effect
of this activity on species and ecosystems).

3.2.3 cChemical and Biological Pollutants

Numerous solid and liquid products, both organic and
inorganic, used in construction are a source of water
polliution. The major sources of construction related
chemical pollution can be broadly grouped under the
following headings:

Petroleum products
Herbicides and pesticides
Fertilizers

Metals

Soil additives
Construction chemicals
Miscellaneous wastes

Q@ 2 85 8 6 0 @

Of these, petroleum products, herbicides and pesticides, and
fertilizexs appear to be the best known and the best
documented sources of chemical pollution.

ot

mow

Pollution from petroleum products generally occurs from
improper disposal of waste materials such as crankcase oil
and various cleaning solvents, leakage of fuels and oil from
storage facilities, and damaged or improperly maintained
vehicles; fuel spills during equipment ‘refueling operations;
and the use of oils for dust control on roadways.

Herbicides and/or pesticides are used on some construction
sites to control undesirable vegetation, insects, and
rodents, The primary cause of pollution from the useis
these chemicals are in the improper use, handling, and
disposal of waste materials,

Fertilizers are extensively utilized in the revegetation of
areas affected by grading operations. Like herbicides and
pesticides, the primary causes of damaging pollution are
improper use, i.e., applying too much fertilizer or improper
preparation of the ground surface prior to application.

The biological pollutants which generally enter receiving
streams and other water bodies as a result of construction
activities are lacteria, fungi, worms, viruses, and other
less prevalent organisms. Biological pollution is primarily
a result of poor sanitary conditions at a construction site;



-génerally improper disposal of human wastes, garbage, and

other organic material. The disturbance, exposure, and .
subsequent erosion of surface soils that contain bacteria

and other organisms are also contributing factors.

Regardless of their origin, biological pollutants of major

concern are the pathogenic organisms associated with human

wastes.

Prediction of the impact of such chemical and biological

contaminants is quite difficult because of the human element
involved,

3.2,4 Displacement Water

The freshwater supply required to displace crude o0il
from the cavities would be supplied by Dow Chemical
Company through a new 24 inch fresh water supply
system. Water taken during periods of high flow from
the Brazos River is stored in 2 reservoirs developed
“and- owned by Dow (Harris and Brazoria). Removal of
water from the Brazos River wauld not affect quality

of the river water. Water stored in the 2 reservoirs
would be utilized for displacement at a maximum rate of
about 14,000 gallons per minute.

»s 2l
'

-

This utilization is not expected to significantly
affect either reservoir; furthermore, these reservoirs )

were designed and built for the purpose to which the

displacement water is being applied, that is, pumping ‘
into the cavities of the dome for various reasons.

3.2.5 Brine Water Discharge

All brine produced from the cavities of the Bryan
Mound Strategic Petroleum Reserve project would be

used by Dow Chemical Company at their Freeport Chemical
plant. Therefore, the discharge of brine would not
affect any surface or subsurface waters.

3.2.6 Other Surface Water Effects

During the operational phases of the project, the
Brazos River and Gulf Intracoastal Waterway would
not be affected by oil passing through pipelines or
by loading or unloading at dock facilities. Only
in the event of an oil spill would the waterways be
severely impacted. Accidental spills are discussed
in detail in Section 3.7 (Effects of Accidents and
Natural Disasters).



3.3 AIR QUALITY

The quality of the air at the Bryan Mound dome would be
somewhat affected during site preparation and construction.
The sources of emissions in general would be short lived and
transient in nature. The principal pollutant of concern
would be hydrocarbon emissions. Data indicate that present
hydrocarbon concentrations in the vicinity of the proposed
facilities at Bryan Mound are significantly higher than
those of the national and Texas ambient levels.® This data
is tabulated in Appendix D.

The quality of the air at the Bryan Mound Dome would not be
seriously degraded during the storage phase of site
operation. However, the emission of hydrocarbon

vapors would be large during loading and unloading phases

if mitigative measures are not taken. The concentrations
of hydrocarbons in the area are historically higher than
federal and state standards most of the time.l?

3.3.1 Impact of Vehicles, Equipment and Paint Solvents

The quality of the air at the Bryan Mound site during con-
struction would be affected by the following pollution
sources:

General Construction Vehicles

Drilling Rig Motors

Paint Solvent on Storage and Surge Tanks
Fugitive Dust

00O0O

The sources, the specific emissions, and quantities will
be discussed in the following paragraphs.

-General Construction Vehicles

During the site preparation phase, there would be clearing
operations, land fill, and road construction. This phase
would last seven months, A number of machines and heavy
vehicles would be used. The gas and diesel engines would
emit: Hydrocarbons, SO, CO, NO, and particulates.

3-11
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The prediction of quantities of pollutants is difficult
because it depends upon many factors including: number of
vehicles, type of vehicles, model-year, duty cycle, speed,
cold operation fraction, and ambient temperature. Typical
average emission levels for light and heavy duty, gasoline
and diesel vehicles are shown in Table 3.2.

The on-site vehicle sources are assumed to be 10 heavy duty
gasoline vehicles plus 10 heavy duty diesel vehicles with
a conservative duty factor of 2,000 hours/year !1 and speed

of 10 miles per hour. The emission data are given in Table
3.3.

Drill Rig Equipment

Drill rig equipment includes, typically, three large engines
and other smaller engines. These motors would be considered
to total 2,000 horsepower and, as a worst case assumption,
to be heavy duty diesels of miscellaneous construction type.
The emission rate is listed in Table 3.3. SN

The drill rig equipment is assumed to operate at 50 percent
load f9r about 7,000 hours/year. These emission rates are
also given in Table 3.3. It is apparent that the estimated

vehicle emissions are much smaller than the drill rig equip-
ment emissions.

Paint Solvent on Storage and Surge Tanks

Four 400,000 barrel floating roof oil storage tanks would
be constructed at the site. A 100,000 barrel stripping
tank for treating ballast water and a small tank for storing
salvaged o0il would be located at the dock. All tanks would
probably be spray painted with solvent-based paints. The
solvent is composed of relatively volatile, light hydro-
carbons. The quantity of paint required depends on several
variables. Here it is assumed (for purposes of evaluating

a "worst case") that one gallon would cover 100 square feet
with 2 coats (the average of two estimates), that one gallon
will weigh 15 pounds (the range is 10 to 15 pounds per gallon),
and that half the weight is solvent (50 to 55 percent is
normal) .

The quantity of emissions from spray painting is estimated
in the following way. It is assumed that a painting rate
of 6,000 ft2/day would be maintained for as long as necessary
at the tanks. Sixty gallons of paint per day would be used
at the site and the average hydrocarbon emission rate would
be 1.18 grams per second (g/sec).

3-12
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Table 3.2

for Vehicles

Typical Average Emission Factors

Gasoline Diesel

Light Heavy Light Heavy

Duty Duty Duty Duty

1970 1970 Pre-1973 Pre-1973
Pollutant g/mi g/mi g/mi g/mi '
co 33.2 188 .0 1.7 28.7
HC 4.8 13.8 0.46 4.6
NOx as NO2 5.2 12.6 1.6 20.9
Particulate .54 1.3 0.73 1.3

E

so, as so, .18 .36 0.54 2.8 i
Note: Low speed operation may increase emission levels by a

factor of 2 to 4.

Source:

Compilation of Air Pollutant Emission Factors.

Second Edition,
Protection Agency,

Dec.

3-13
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Table 3.3 On-site Emission Rates During Construction

Vehicles? prill RigP Paint Solvent®
Pollutant (g/sec) (g/sec) (g/sec)
co .138 0.654
Hydrocarbon .0117 0.241 1.18
NO, .0211 3.42
so, - .0020 0.216

. Particulates  .0019 = . 0.209

. )
. “nw

a 10 heavy duty gasoline vehicles plus 10 heavy duty
diesel vehicles at a conservative duty factor of
2,000 hr/yr, each.

b Assuming 1 drill rig, 2000 horsepower operating at 50
percent load, 20 hours per day.

¢ Assuming 6,000 ftz/day painting rate, 2 coats at
200 ft2/gal/coat.

Source: Compilation of Air Pollutant Emission Factors, Second
Edition, U.S. Environmental Protection Agency,
March 1975.
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The pollutant concentrations at several downwind distances
from construction vehicles, drill rig equipment, and paint
solvent are shown in Table 3.4. Note that all primary stan-
dards are met except for the hydrocarbon concentration for
paint solvent out to 0.5 kilometers (1,640 feet).* Current
ambient levels of hydrocarbons at Clute, seven miles north
or the site, and at Freeport, four mﬁles north of the site,
frequently exceed primary standards. It is probable that

the hydrocarbon level at the site is also exceeded frequently.

The concentrations listed in Table 3.4 are based on meteoro-
logical conditions which exist about 5 percent of the time
in the Bryan Mound area. Therefore, for one or two days

per month the paint solvent vapors would noticeably elevate
the hydrocarbon levels for a distance of about one kilometer
downwind within a strip 100 to 200 meters wide (Appendix 3).
During more typical days, the paint solvent vapors will be
lower by a factor of 5. At these times, the hydrocarbon
levels will not seriously elevate ambient levels which may
be above standard levels. Painting is expected to last

90 days.

Fugitive Dust

Dust emissions would result from construction activities at
the site. The dust would be associated with land clearing,
excavation, cut and f£ill operation, and construction. The
amount of dust would vary from day to day depending on the
activity and the weather. A large portion of the dust would
be due to equipment traffic over temnorary roads.

Field measurements at apartment and shopping center con-
struction sites yield an estimate of 1.2 tons of dust per
acre of construction per month of activity.l? This estimate
is high for the Bryan Mound site because the estimate is
for a semiarid climate. Dust emissions are often inversely
proportlonal to the square of ground moisture, and ground
moisture is 1.66 times the semiarid level at Bryan Mound.!
Therefore, the dust emissions during construction are esti-
mated to be 0.5 tons of dust per acre of construction per
month of activity.

Dust emissions during facility operation would be due to
vehicle travel over unpaved roads for the most part. Assum-
ing an average vehicle speed of 40 miles per hour and a

road surface silt content of 30 percent, the estimated dust
emission is 0.24 pounds per mile of unpaved road traveled.

*Assuming total hydrocarbon emissions are non-methane levels.
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Table 3.4 Pollutant Concentrations Downwind from
Sources (ug/m3)

Pollutant co co HC
Sample Time

8 hr. 1 hr. 3 hr.

Federal "and State Primary Standards

10,000 40,000 160*

Construction Vehicles

Downwind
Distance
(km). -
0S8 75 106 7
1.0 24 34 2
2.0 8 12 1
5.0 2 3 0
10.0 0 1 0
Drill Rig Equipment
Downwind
Distance
(km)
0.5 354 503 153
1.0 114 162 49
2.0 40 57 17
5.0 11 15 5
10.0 2 3 1
Paint Solvent
Downwind
Distance
(km)
0.5 749
1.0 240
2.0 8s
5.0 22
10.0 4

Parti- Parti-

N02 So2 so2 culates culates
1l yr. 24 hr. 1 yr. 24 hr. 1 yr.
100 365 80 260 75

0 1 o 1 0

0 Q (o} Q Q0

0 0 0 0 0 -

0 0 0 0 0

0 0 0 0 (]

1E
N

32 99 2 96 2

9 32 1l 31 1

3 11 0 11 0

1 3 (o] 3 o

0 1 0 1 0

* Non-methane hydrocarbons only;
levels calculated are total
hydrocarbons.
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The amount of dust~-producing construction is relatively
small for the proposed project because most of the on-site
and access roads are paved. Most of the dust would settle
within the site boundaries. The fugitive dust escaping
the site will not seriously impact the environment.

Summarx

The quality of the air near the site would be affected by

the activities of site preparation and construction.

During the start-up period, construction would take place

at the site for about seven months and at the tanker terminal
for about the same period. Emissions due to construction
equipment, paint, and drill rigs would degrade the air with
dust, CO, SOp, NO,, HC, and particulates. An estimate of

the emissions based upon reasonable assumptions concerning
number and types of sources is shown in Table 3.4.

The impact of these emissions depends on ambient air quality
and the dispersal characteristics of the atmosphere. Ambient
air quality has been discussed in Section 2.3. Atmospheric
dispersion calculations were based on methods recommended

by the Environmental Protection Agencyl!?® and averaged over
appropriate time intervals as outlined in Appendix A.

3.3.2 Impact of Oil Storage and Handling

The quality of the air at the Bryan Mound site during opera-
tion will be affected by the following pollution sources:

General Service Vehicles
Valves, Pump Seals, and Gauges
Crude Oil Tanks

Tankers Loading and Unloading
Fugitive Dust

00000

Service vehicles and fugitive dust raised by vehicles would
cause less impact than during the construction phase where
it was estimated to be small. For this reason, attention
would be focused on hydrocarbon emissions and the accompany-
ing hydrogen sulfide.

Valves, Pump Seals, and Gauges

There would be a wide variety of valves, seals, and gauges
associated with the pumping of crude oil through the pipe-
lines between the dock facility and the individual cavities.
Pipe flanges may be ignored because they are insignificant
leakage sources. Valves may be classified in two categories;
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flow control or pressure relief valves. Several types (gate,
globe, angle, plug, etc.) exist in each category. A study
of refineries in Los Angeles County showed that the average
leakage of flow control valves in liquid petroleum service
averaged -0.108 pounds per day per valve. The upper limit
for one refinery was three times higher or 0.32 pounds per
day per valve. The average leakage of hydrocarbons from
pressure relief valves was 2.9 pounds per day per valve for
all refineries. The maximum average for an individual re-
finery was about three times higher, or 9.1 pounds per day
per valve.l* A fraction of this leakage would evaporate into
the atmosphere, perhaps 10 percent.

Pump leakage generally occurs through seals, which may be
either mechanical or packed type. An EPA study found that cen-
trifugal pumps with mechanical seals lose about 0.6 pounds

per day while those with packed seals average 5.9 pounds

per day. Reciprocating pumps with packed seals lose about

4.0 pounds per day.!* An upper limit on average leakage of

6 pounds per day per pump is assumed. .

The leakage rate of gauges is not known. In the absence
of pertinent data, the average leakage rate of flow control
valves is assigned to gauges and other instrumentation.

e oo

R Pt

Site schematics show about 50 oil valves, 50 pressure indi-
cators, and about 20 other gauges at the site. Assuming
that 35 valves are flow control and 15 ‘are for pressure
relief, the upper limit on leakage should be:

35 x 0.32 flow control valves

15 x 9.1 pressure relief valves
70 x 0.108 gauges

8 x 6.0 pumps

194 pounds per day

Most of this leakage would be collected but some, perhaps
20 pounds per day or .106 g/sec, would enter the atmosphere
by evaporation. This hydrocarbon emission rate will cause
little impact. If sour crude is being transferred, a maxi-
mum hydrogen sulfide emission rate would be 0.004 g/sec, or
3.8 percent of the hydrocarbqgn emission rate.l> (See Table
3.5.

Emissions from leaks in valves, pump seals, and gauges do
not appear to impact ambient air quality significantly.
Even when they are considered as a point source, they con-
tribute only 17 uwg / m3 at 0.5 kilometers.
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Table 3.5 Operational Pollution Sources

Valves, pump seals,
and gauges

Crude oil tanks
(per tank)

Tanker Unloading #

Tanker Loading

*

and Emission Rates (g/sec)

Hydrocarbons

0.106

242 (max)

363

May be zero unless tanker is vented during unloading.
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Sulfide

.0001 to .0040

.00063 to .024

4l
4

s

.242 to 9.2

.363 to 13.8



Crude 0il Tanks

The 1974 ambient non-methane hydrocarbon levels at three
locations in this region were above Federal and state
standards most of the time (sometimes by factors of 3 to
15). The sources of these pollutants are not known, but,
directional data suggests the emissions may be coming from
any or all of the large petrochemical complexoa in the area

and/or the city of Clute which is about six miles north of
the site.l?

Four 400,000 barrel floating roof surge tanks will be built
on site. The evaporative hydrocarbon emissions from such
storage tanks are estimated using a calculation of tank
diameter, tank design, crude o0il vapor gressure and density,
and average meteorological conditions.! These tanks will
be the standard 44 feet high (13.4 meters) and will be 108
feet in diameter (34 meters). Assuming these dimensions, a
crude o0il true vaporwpressure of 1.8 pounds per square inch
absolute, and oil density of 7.4 pounds per gallon, the
estimated emission rate would be 120 pounds per day or 0.63
grams per second. Between 0.1 and 3.8 percent of this loss
would be hydrogen sulfide, dependlng on the composition of
the crude oil.

The hydrocarbon concentrations from emissions from the

tanks tabulated in Table 3.6 are based on two tanks being
used as storage tanks and two tanks being used as surge
tanks. No tank separation has been included in this
estlmate3 The downwind concentrations would be less than

160 ug/m~ if the wind direction was perpendicular to the
centerline of the two tanks. The worst-case values estimated
in Table 3.6 are perhaps 3 percent probability values rather
than the 5 percent quoted earlier for paint solvent emissions.
The hydrcocarbon emissions from crude o0il surge tanks at the
Bryan Mound site might elevate the ambient non-methane
hydrocarbon levels within 0.5 kilometers downwind in the
"worst case" situation analyzed. These concentrations

would be reduced by a factor of 5 during more typical, but
still conservative conditions as shown in Appendix A.

[P L]
Rodt

Vessel Loading and Unloading

It should be -noted that not all hydrocarbon emissions are
hazardous, nor do they all contribute to smog. It is
difficult to determine what fraction of the emissions
discussed here are in fact non-methane hydrocarbons (those
specifically regulated and thought to be precursors to
photochemical oxidant formation). One estimate might be
made using the data collected for the immediate vicinity of

3-20



Table 3.6 Worst-Case Operational Downwind
Pollutant Concentrations (ug/m3)

Pollutant
Sample Time

Federal & State
Standard

Valves, Pump Seals
and Gauges
Distance (km)

0.5

1.

2.

5.

10.

2 Tanks used as storage
at a given location
Distance (km)

0.5

1.

2.

5.

10.

Hydrocarbons
3 hr.

1602

17.
8.
3.
1.
0.

and 2 used as

186
82

35
9
4

Hydrogen Sulfide (max)

30 min.
60 residential,
business area
vacant land,
industrial area

90

1.
0.
0.
0.
0.

surge tanks

-

OHFHN_O
ot adal
oy

c
Tanker Unloading without vapor recovery (Max)

Distance (km)
0.5

1.

2.

5.

10.

38,500
17,700
6,800
2,100
1,100

Tanker Loading without vapor recovery

Distance (km)
0.5

1.

2.

5.

10.

57,700

126,500

10,200
3,100
1,600

2000
920
350
110

56

2980
1380
524
166
84

a - Non-methane hydrocarbons only; levels calculated are total hydrocarbons.

b . May be zero unless tanker is vented during unloading.
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Bryan Mound and presented in the air quality Appendix D.
Since the elevated hydrocarbon levels in the Freeport-Clute
area are believed to be caused by the heavy petroleum
industry in the area, it can be conservatively estimated
that the composition of the existing levels is roughly
similar to those emissions directly attributable to the
Strategic Petroleum Reserve program. Based on this, and
choosing the five days reported by Seadock to be those days
with the highest ambient hydrocarbon levels (both total
hydrocarbons and the non-methane fraction), an average
fraction of non-methane levels were 42.2 percent of the
total hydrocarbon levels.

The crude o0il to £fill the caverns would be delivered via
tanker to the dock facility at Bryan Mound. O0il

tankers of approximately 254,000 barrels would unload their
cargo in 24 hours. During this time some emission of H,S
and hydrocarbons would take place. Presently, there aré no
reliable measurements of the emissions from unloading
shipping vessels, but, there are some estimated values given
by work done at the American Petroleum Institute!”’ and
compiled by EPA.!! A vapor loss rate of 46,100 pounds per
day or 242 g/sec is estimated for unloading a 254,000 barrel
tanker in 24 hours. Depending on the unloading practices
used at a given facility, some fraction of the vapors may
enter the atmosphere. It is quite reasonable to assume that
during unloading, air is drawn into the tanks allowing very
few emissions to escape the tanks. If vapor recovery
systems are implemented, only small amounts would enter the
atmosphere.

b -2l

AR

The emissions resulting from tanker unloading, which are
tabulated in Table 3.6, are based upon venting to the
atmosphere those vapors formed in tanks during drawdown
periods.

During withdrawal of oil from the facility, oil would be
pumped to tankers at a rate of 385,000 barrels per day.

The evaporative loss would be 70,500 pounds per day or

363 g/sec. The emissions noted under tanker loading in
Table 3.6 are those that would be forced into the atmosphere
by positive displacement unless a vapor recovery system is
used. The higher levels are due to a higher loading rate
into the tanker compared to the unloading rate into storage
tanks.

The 1972 emissions inventory for Air Quality Control Region
(AQCR) 216 (which includes Freeport) shows that approximately
4,351,000 pounds per day of hydrocarbons were being emitted
from various sources within the region. Brazoria County con-
tributed 826,000 pounds per day of the total. Therefore, the
maximum losses from tanker loading (70,500 pounds per day)
represents 2 percent of the total for the AQCR and 8.5 percent
of the total for Brazoria County.
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As shown in Table 3.6, the potential emissions from tanker
loading and unloading during worst case conditions may be as
great as 57,700 ug/m3 (total hydrocarbons) at 0.5 kilometers.
Industrial plants several kilometers away would experience high
hydrocarbon levels under commonly occurring wind conditions. At
certain times, undesirable high hydrocarbon concentrations
(3,100 ug/m3) may reach Freeport.

Another concern arising from emission estimates are the maximum
'30-minute hydrogen sulfide (H;S) concentrations. These levels
represent the extreme worst case because for the sour crudes
(with 3.8 percent HyS at the well head), most, if not all of the
hydrogen sulfide gas evaporates and is lost during transport.
However, the analysis reflects the conservative assumption that’
all of the HyS formed would be emitted to the atmosphere during
transfer. If sour crude with this high level of HpS is stored
at the Bryan Mound site, the analysis shows a worst case concen-
tration of 166 ug/m3 in Freeport (a maximum rate applicable to
the 150-day withdrawal period only).

Current Regulations

Neither vapor emissions from crude oil storage nor vapor emissions
from ship loading and unloading activities are regulated at this
time, but an interim strategy to attain the National Ambient Air I E .
Quality Standard (NAAQS) for photochemical oxidant by controlling:® E
reactive hydrocarbon emissions has recently been proposed by EPA

for the Texas State Implementation Plan (SIP)*. Controls have

been proposed for previously exempt crude oil emissions from

storage tanks. Regulation of crude oil emissions from vessel
loading and unloading is not anticipated at this time.

Floating roof storage/surge tanks are specified for the Bryan
Mound site, and are considered by EPA to be the best available
control technology. The technology for vapor control and recovery
systems for marine terminal crude oil transfer operations has been
developed, but there has been relatively little application of it.
Since the SIP does not regquire such systems to be employed, the
feasibility design upon which this EIS is based does not include
them. This was done so that the document would reflect a worst
case analysis of the impacts. However, the working designs for
the facilities are still being formulated, and inclusion of a
vapor recovery system for marine terminal operations is being
considered.

*"proposed EPA Revision to the Texas State Implementation Plan,"
Environmental Reporter, Current Developments, Volume 7, Number .
29, November 19, 1976, pp 1065-1083.
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Another requirement for SIPs to meet the NAAQS is new source
review. The most recent ruling from EPA regarding new source
review has established the trade-off system*, Under this
provision, new sources are required to show that emissions from
the new source plus SIP~required reductions from existing sources
equal a net decrease in emissions. That is, the new source
should not delay progress toward achieving the NAAQS in non-
attainment AQCRs, The effects, if any, of this ruling on the
SPR program remain uncertain at this time,

RYrLl
(3, ]
-

*"EPA Draft Preamble to Interpretive Ruling on New Source
Review Requirements," Environmental Reporter, Current
Developments, Volume 7, Number 29, November 19, 1976, pp. 1091-

1094.
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3.3.3 Noise

Construction activities associated with the Bryan Mound oil
storage project and operation of the facilities upon com-
pletion of construction would create only minor and tempor-
ary noise impacts for residential, recreational, farming and
other non-industrial land uses in the Bryan Mound-Freeport
area. The construction activities are planned to take place
over a period of approximately 10 months. The noise from
construction and facility operation would occur at the follow-
ing locations. (See Figure 3.2.)

Bryan Mound Storage Site Area

Contributing noise sources at the storage site area during
site preparation.would be air compressors, trucks, diesel
engines, pumps, drilling rigs, impact equipment, concrete
mixers, and general construction related equipment. Noise
levels typical of this equipment are given in Table 3.7.

An evaluation of the construction noise sources indicates
that diesel engines would provide the most consistent source
of noise and that impact and drilling equipment would create
the peak sound levels. No noise sensitive land uses are
located on or adjacent to the proposed storage site. (See
FPigure 3.3 for site layout and land usage.) The areas
adjacent to the storage site are swamp or marshlands and
are unpopulated. o

After completion of the storage site preparation, fill opera-
tions would require the use of injection pumps and brine dis-
posal pumps. These, together with other pumps which would be
used for oil discharge operations, would be sheltered in a
pumphouse at the storage facility. Although noise levels
within the pump house can be expected to exceed 90 dBA,
typical pump house construction should reduce exterior noise
from this source to less than 70 dBA at 50 feet from the
structure.

Additional noise at and near the storage facility would be
caused by the slight increased vehicle traffic from mainten-
ance and operating personnel. It is estimated that noise
from all sources associated with fill/discharge operations
would increase the noise levels less than 2 dB at the site
perimeter.

Based upon the existing land use and the remoteness of the
site from residential and other noise sensitive use areas,
it is not anticipated that noise from storage facility
operations would interfere with outdoor or indoor activities
near the storage site.
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Table 3.7 Construction Equipment Noise Levels

st ey
Alr Coapressor 8l
Backhce 85
Concrete Mixer 85
Crane Mobile 83
Dozer 87
Generator 78
Grader 85
File Driver 101
Punp 76
Rock drill 98 .
Truck 88 iy

SOURCE: "Noise Emission Standards for Construction Equipment
Background Document for Portable Air Compressors,"
U.S. Environmental Protection Agency, EPA 550/9 -
76 - 004,
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Pipeline Corridors

Two oil pipeline systems would be built in the Bryan Mound-
Freeport area. One of approximately 3.7 miles would extend
eastward tc the Freeport docks; the otherwould extend 4. 4
miles westward to the Seaway tank farm. As can be seen in
Figure 3.2 these pipelines pass through undeveloped areas
and are not expected to impact noise sensitive land use
areas during their construction. The noise impact boundary
is estimated to be Lg,= 55 dB at 500 feet from the pipeline
construction (see Appéndix C).

In addition to the oil pipelines a 5 mile 24" concrete
pipeline for raw water supply would be laid between Bryan

Mound and Dow Chemical Company's Plant "B". The construc-
tinn of this proposed pipeline along an existing Dow right-
of-way will pass through developed areas of Freeport along

the Brazos River. It is possible that temporary noise im- i
pacts may occur in residential or commercial land use areas

as the pipeline construction passes through the more developed
areas. It is estimated that no noise impacts (Leq >55 dB)

on a daily basis would result beyond 500 feet from the pipe-
line construction. The annual L3, levels along the pipeline
construction are not expected to be affected because of the
relatively short period of construction activity at specific
sites.

NIRFET

e

Dock Area

Present plans are to use available docks and construct
ballast water facilities at the Freeport Harbor. It is not
anticipated that usage of the dock facilities during fill
and discharge operations at Bryan Mound would significantly
affect ambient levels for "normal" activities at the Free-
port docks.

Summary of Noise Impacts

Noise impacts from the construction associated with the
Bryan Mound site preparation are summarized in Table 3.8. .
During £ill and/or discharge operations, there would be noise
generated from the continuous operation of pumps at the
storage facilities. The noise is expected to be continuous
day and night for approximately 18 months during f£ill and 5
months during withdrawal, however, since the pumps would be
enclosed in pumphouses, it is anticipated that there would
be negligible noise impacts from the operations in the vici-
nity of these facilities (see Appendix C for Federal noise
guidelines).
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Table 3.8 Summary of Sound lLevel Contribution (dB)

fram Construction Activities

Construction Site Leq Lan

Storage Site Area < 55 < 55
Pipeline Corridors* < 55

*No nighttime activity planned.
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3.4 SPECIES AND ECOSYSTEMS

3.4.1 Impact on Storage Site Species

The oil storage site is located on a 216 acre tract con-
sisting of poorly-drained coastal prairie with industrial
buildings, roads, and equipment scattered throughout.
Drilling of four new entry wells and construction of four
crude oil holding tanks and a new pump house (on the
northern part of the site) would require additional de-
velopment of 20 acres of disturbed coastal prairie.

Clearing of land around the new storage wells and con-
struction of the dikes around the tanks could cause
temporary erosion with an associated increase in turbidity
in the freshwater lake on the northwest side of the dome
and in the brackish marsh northeast of the dome. Effects
would be most evident if heavy rainfall occurs during or
shortly after construction. If construction is completed
relatively early in the growing season (approximately 275
days), a plant community would become established on the
banks and cleared areas within several months. This
vegetation would help retard runoff , thereby reducing soil
erosion and associated turbidity. It would also serve as
feeding grounds for birds, small mammals and other wild-~
life which frequent areas of human activity.

It is not expected that construction on the dome itself
would reduce water quality in either the Brazos River or
the Gulf Intracoastal Waterway. Suspended solids and
nutrients which flow into the unnamed, low-salinity lake
on the dome or into the surrounding marshlands are not
expected to cause as severe changes as would be expected
with dredging or pipeline burial. The overall net effect
on primary production (photosynthesis and growth of phyto-
plankton, emergent and submergent aquatic macrophytes, and
periphyton) would be a slight positive one unless light
penetration is severely limited. This could occur at the
marsh and lake margins following heavy rains, but impacts
on agquatic organisms would be very short term and localized.

Maximum phytoplankton growth occurs in late winter and
spring due to nutrient influx and warming followed by a
summer minimum growth period. Aquatic macrophytes also
grow more abundantly as the water warms in spring. Al-
though no specific primary production data are available
for the on-site lake, productivity estimates have been

nadal
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made for algal flats and salt marshes in the area.l® Both
estimates are approximately 600 pounds-carbon/acre/year
(1b-c/acre/yr) as net production with that amount con~
sidered as a maximum for the shallow algal flats. It is
doubtful that the primary productivity of the on-site lake
is as high as 600 pounds-carbon/acre/year even though
phytoplankton in such a lake would have a high reproduc-
tion rate. No significant increases or decreases in pri-
mary production are expected as a result of dome construc-
tion activities and any slight changes would not be
evident within a month after construction because of rapid
population changes in plankton and periphyton.

As a result of the possible slight enhancement of growth
of aguatic vegetation, zooplankton, benthic invertebrates,
and small filter-feeding fish may also experience subse-
quently increased food availability. In addition, detrital
matter washed in from cleared areas may enhance the feeding
of benthic invertebrates which consume detritus.

Approximately 20 acres of coastal prairie would be cleared
and removed from biological productivity. Assuming that
ggastal prairie grass production og the site is 2,500 Kcal/
/yr,19 a total loss of 2.02 x 10° Rcal/year of primary
production would result. Using an estimated productivity
for dense grass flats in southern Texas!® (1,800 pounds- 3
carbon/acre/year net production), a total loss of 36,000
pounds-carbon/year would be realized as a result of con-
struction on the dome. Bulldozing 20 acres to a depth of
two feet (Section 1), would obviously severely impact any
small invertebrates in the litter and top soil. Populations
of nematodes, mites, collembola (springtails), insect larvae,
spiders and oligochaetes (worms) would be destroyed.
Secondary productivity by these groups, while unknown for
the site, is probably comparatively low due to the already
disturbed nature of the habitat. Loss of primary and
secondary production would be localized but permanent
effects.

o

Noise and construction activity would discourage birds

and other wildlife from using the site as feeding or
nesting area. The following animals would emigrate from
the area during construction: rats, rabbits, turtles,
snakes, sparrows, hawks, meadowlarks, wvultures, and eqrets.
Upon completion of construction some small mammals, birds
and reptiles would return within several months. Only



small portions of the 20 acres bulldozed would be available
as habitat for these forms. Since this site already has a
substantial amount of human activity, fill and withdrawal
and maintenance operations would be slight, additional im-
pacts to wildlife. The operations at the site and tempor-
ary storage facility would have little additional effect
on the physical aspects of the site. However, minor ad-
verse aesthetic impact and some noise and air quality
degradation, associated with presence of the facilities

and increased human activity, would be experienced.

3.4.2 Effects of Pipelines on Ecosystems

Construction of the 0il Pipeline to the Seaway Tank Farm

The 30" pipeline between Bryan Mound and the Seaway tank farm
would extend on a 100 foot right-of-way, across the Brazos
River Diversion Channel, to approximately 4.4 miles west of
the dome. The right-of-way would require 6 acres of devel-
oped land on the mound, 18 acres of brackish marsh, 26.4 acres
of coastal prairie, and 1.5 acres of river and creek bottom.

Impacts on the 6 acres of developed land of the dome
(highly disturbed channel dredgings) would be negligible
since this land supports only a relatively few individual
transient species of wildlife from surrounding ecosystems.
Noise and construction activities also would temporarily
drive mobile wildlife (birds, reptiles, amphibians, and
small mammals) from the pipeline corridor in the marsh and
coastal prairie. These organisms would return as soon as
vegetation becomes re-established. Their temporary dis-
placement into the surrounding habitat would produce some
stress on peripheral populations.

" adiAl
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If it can be assumed that brackish coastal marsh produc-
tivity is approximately 1,518 g dry weight/mz/year20

and coastal prairie productivity is 2,500 Kcal/mz/year,19
the amounts of production lost for one year's growth due
to pipeline burial in the marsh and coastal prairie are
1.10x108 g dry weight and 2.67x108 Kcal, respectively.
Vegetation in the corridor is expected to return within
one year, although mowing or other maintenance along the
right-of-way may be required (based on personal observa-
tion of pipeline corridors in the study area). This
production loss would result in a reduction of food avail-
ability for wildlife or fish.

Pipeline burial in the river would eliminate tempor-
arily % acre of benthos habitat. Relatively immobile forms
including some crabs, other decapods, bharnacles, poly-
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tion. Background turbidity levels in the lower Brazos
River are relatively high. Based on Seechi disk transpar-
ency determinations, light penetration varies from 0.2 to
1.0 feet defending on rainfall, river flow, and tidal
influence.?2 Thus, pipeline burial should not produce
significant changes in either dissolved solids or turbidity.
Release of nutrients would produce minor measurable changes
in their concentration. Because of the flow rate of the
river and the absence of well defined plankton populations
in most large rivers,22 nutrients would be diluted, washed
downstream, or adsorbed onto sediments without producing
significant changes in plankton growth.

The pipeline would cross Jones Creek approximately 4.5 miles
north of where the creek discharges into the Intracoastal
Waterway. The ecological setting of this area is described
in Section 2.4.2. Pipeline burial will increase turbidity

at the site and downstream from the site. Pipeline burial
may also result in the release of dissolved nutrients.
Because Jones Creek flows less rapidly than the Brazos River,
the increase in dissolved nutrients could temporarily elevate
the BOD downstream from the pipeline crossing.

Pipeline burial in the river and creek would eliminate tempo-
rarily 1.5 acres of benthos habitat. Relatively immobile
forms including some crabs, other decapods, barnacles, poly-
chaete worms and mollusks would be eliminated at the
immediate vicinity of pipeline burial. 1In comparison with
the vast expanse of brackish water habitat in the nearby
rivers and waterways, the loss of % acres of benthic in-
vertebrates is inconsequential. The pipeline burial area
would become repopulated by benthic organisms within 1 or

2 months after construction.

v 42l
i
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Construction of the Qil Pipeline to the Dock

As a result of constructing the 30 inch pipeline from the
dock to the dome, 45 acres of mostly secondary regrowth
vegetation would be affected. This area is presently
disturbed and supports low numbers of transient organisms
such as waterfowl, reptiles and small mammals from sur-
rounding ecosystems. Revegetation in the pipeline cor-
ridor is expected to occur within a year.

Construction of the Pipeline for Displacement Water

The addition of a 24 inch pipeline for displacement water
from the private Dow Chemical Company supply would consist
of a new line between Bryan Mound and Dow's Plant "B"
where water would be drawn from a canal. This new pipe-
line would require an additional 50 foot path along an
existing right-of-way inside the Brazos River levee west
of the dome. Impacts on aquatic communities in surround-
ing areas would be minimal. Unless heavy rainfall occurs
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during or shortly after construction, runoff into the lakes
and marshes within the levee would cause negligible effects.

Two of the 5 miles of new rights-of-way would cross parallel an
existing levee (6 acres utilized) 'while the remaining 3 miles
would cross land developed for the Dow Chemical complex

(9 acres). Clearing of vegetation on the 6 acres near the
levee would result in a loss of productivity of 2,500
Kcal/m4/yearl9 for one year's growth. The importance of

this loss is evaluated at the end of Section 3.4. As for
the oil distribution pipeline, installation of the new dis~
placement water line would temporarily disturb wildlife.
Mobile birds, reptiles, amphibians, and small mammals would
emigrate to.surrounding areas. Any stress on surrounding
populations would be minimal because the area involved is

a long, narrow strip. :

Maintenance of Pipelines

During the operational phase of the facility, the pipelines
and storage activities would cause little environmental
impact under normal operating conditions. Noise would
probably cause the most impact as pump stations along the
pipeline paths would create localized stress. Maintenance
of the right-of-way by mowers would drive mobile organisms
from the vicinity temporarily. The storage facility may
be aesthetically unpleasant to some people and slight.
noise and air quality degradation associated with increased
human activity in the area may be evident. Increased
human activity around pump stations may cause an out-
migration of birds and other wildlife. If pumping acti-
vities extend over a period of several months, impact on
bird feeding and nesting may be severe enough to perman-
ently prevent return of birds.

bl

i

3.4.3 Impacts on. Species at the Dock Site

An area of approximately 3 acres of dry land next to the
Seaway docks on the south side of the Freeport Harbor,
would be used for ballast treatment tanks. Construction
of the tanks and treatment facilities would eliminate a
small amount of coastal grassland permanently. Few trees
would be removed and no critical wildlife habitat would
be lost since only transient birds and small mammals and
a few resident reptiles or amphibians would be affected.



The impact of releasing ballast treatment water with oil
concentrations of the effluent not exceeding 14 ppm (mg/1l)
daily is dependent on the flushing regime of Freeport

Harbor. Existing water quality (Appendix B.5, Tables 'B.5-1,
B.5-2) near the discharge area has low ambient 0il and grease
levels in the water column (less than 1 mg/l). Computer
simulations, which treated oil as suspended droplets emerging
from a diffuser port in the middle of the harbor and one foot
from the bottom, indicated rapid dilution with a water
velocity of 1 foot per second. At 300 feet downstream only

a trace (0.02 ppm) of oil above ambient remains. These are
steady-state conditions and the flow characteristics of
Freeport Harbor are more complicated with tidal flows rev-
ersing direction every few hours. As a worst case, it is
possible for o0il to be transported via tides or wind action
into areas where it would become concentrated. One such
potential area exists about 1.5 miles upstream where ambient
oil and grease levels are 60 mg/l. Near the point of dis-
charge a chronic pollution problem would exist and lower
species diversity of many marine plankton and fish as well as
lower productivity can be expected there. Effects would be
localized and diffusion would limit the area affected. The
effects would persist throughout each 150 day fill-withdrawal
cycle. It should be noted that the State of Texas clasgsifies
Freeport Harbor as suitable for non-contact recreation only
(Appendix B.2, Table B.2-1).

Shipping operations would affect the aquatic life in the N
Freeport Harbor. Ship passage may cause increased tur- 3
bidity and shoreline erosion. Passage of a barge or tanker
can resgspend sediments which require at least 2% hours to
settle.?3 The suspended sediments can clog or abrade gills
of fish and macrobenthos or can suffocate mollusks. Also,
additional turbidity can reduce plankton productivity, thus
reducing the amount of food available to filter-feeding

fish and mollusks. Light penetration in the proposed dock
area is presently 1.3 to 4.8 feet, but this may be inter-
mittently reduced by ship passage. In an active waterway,
such as the Freeport Harbor, large ships are common. There~
fore, impacts directly attributable to the tankers con-
nected only with the Bryan Mound oil storage operation would
be minor in comparison to the total impact from ship traffic
within the Freeport Harbor.

e

3.4.4 Effects of Brine Disposal and Water Intake Systems

Brine Disposal

Brine extracted from the storage cavities when they are
filled with o0il, is to be processed through existing brine
ponds and transported via existing pipelines to the Dow
Chemical plant. Brine produced would be used by Dow opera-
tions in lieu of brine from wells at other locations, there-

fore, no terrestrial and aquatic communities would be im~
pacted.
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Displacement Water

0il displacement during recovery would require a total
water demand of 14,000 gallons per minute from surface
waters to fill the 4 chambers. This water can be supplied
from the existing Dow industrial water supply system
storage reservoirs (Brazoria and Harris). Dow presently
purchases 1800 million barrels of water per year from the
Jower Brazos River Authority and has an option to purchase
an additional 620 million barrels. A single filling of

the Bryan Mound storage cavities would require 58 million
barrels or 3.2 percent of Dow's present lease capacity
(2.4 percent when purchase option water supply is included).
This 58 million barrel requirement also represents 7.5 per-
cent of the capacity of the two reservoirs (See Section
1.3.1) . Thus there is additional impact associated with
the operation of the storage facility. A greater volume

of water may be withdrawn during oil recovery operations
than during Dow's normal leaching. Thus a relatively
larger number of planktonic organisms would be eliminated
over a short time span. Individual organisms would be
sacrificed because of entrainment (organisms drawn in)

in the intake structures and impingement (entrapment
against the intake screen).

ayadiat
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Organisms which would be entrained are the plankton (dia-
toms, other algae, copepods), larval fishes, benthic
organisms, and aquatic insects. Virtually all organisms
entrained in the intake wateér would be killed. Since
these organisms form the basis of aquatic food webs, pro-
duction losses would affect other species in the vicinity.
Effects are expected to be localized near the vicinity of
the intake structures.

The number of impinged organisms would depend on the size
of the screen apparatus. Most intake systems are fitted
with % inch mesh screen and intake velocity of the water
would be 0.6 feet per second or less. It is doubtful that
a severe impingement problem would occur. Large organisms
incapable of passing through the screen presumably would
be mobile enough to escape. Intakes are designed to mini-
mize inflow velocity and thus prevent impingement. Fre-
quent cleaning would prevent clogging which can create
stronger currents across the intake screen.
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3.4.5 Summary of Biological Impacts

At the Bryan Mound dome site 20 acres of discurbed coastal
prairie would be permanently lost. Soil invertebrates
would be eliminated and 2.02 X 108 Kcal/yr. pro-

duction or 36,000 lbs of carbon production/yr. would be
lost. This represents a localized loss which would, in
addition, influence animal populations feeding and/or
nesting at this site. Construction and human activity
would force emigration of mobile wildlife.

Two o0il pipelines are proposed. The pipeline between the
dome site and the Seaway tank farm would impact 8 acres

of developed land, 18 acres of brackish marsh, 26.4 acres

of coastal prairie and .5 acre of Brazos River bottom.
Biological impacts on dry land would be negligible;

1.10 x 108 ¢ dry wt/year plant production (marsh) and

2.67 x 108 Kcal/year (coastal prairie) would be lost due

to pipeline construction. If pipeline right of ways are
maintained this amount of potential production can be
assumed to be lost over the course of one year. This pro-
duction loss would result in a reduction of available food
for fish and wildlife. One-half acre of benthic habitat in
the Brazos River would be disrupted and immobile organisms
killed but populations of crabs, barnacles, worms and
mollusks would re-establish in one to two months. The 3
pipeline from the dock to the dome would cross 45 acres :
of predominately disturbed habitat. Construction and
maintenance activities along both 0il pipeline routes

would reduce the numbers of organisms utilizing those

areas as habitat.

b
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Construction of a displacement water pipeline would impact
9 acres of developed land and 6 acres along the levee.
Primary production losses from the 6 acres total

6.1 X 10/ Kcal/yr. This represents a relatively small

and localized production loss. Construction and mainte-
nance activities. would temporarily disturb wildlife

with some birds, reptiles, amphibians and small mammals
emigrating to surrounding areas.

Impacts on 3 acres of dry land which would be required
for ballast treatment tanks would be very localized. The
area is already highly disturbed. Shipping operations
would produce a small additional impact to aquatic life
in Freeport Harbor.
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Severe but localized impacts on plankton, larval fishes
and benthos would occur near the displacement water intake
structures and losses of these organisms would affect
local food webs. Impingement would not be a problem.
Brine produced in facility operation would be used by Dow
Chemical, thus no terrestrial or agquatic communities would
be impacted by brine disposal operations.

There are no known populations of rare or endangered
species resident in the immediate area of the dome, dock
or along any proposed pipeline routes.

e
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3.5 WASTE DISPOSAL

Discussions with Dow Chemical Company personnel have led to
probable disposal techniques for the various types of wastes.
During the site preparation and construction phase, generated
wastes include surplus lumber and metal goods, paper, waste
concrete, earth excavations, personnel sewage, and, possibly,
formation water during the drilling process. All of these
types of wastes are generated in the present Dow Chemical
Company operations in the Freeport area.

Surplus lumber and scrap metal are normally sold to local
dealers who handle such materials. On the other hand, dis-
posal of waste paper, concrete, and other nonmarketable goods
are usually contracted to a local private firm which disposes
of them in the Brazoria County Precinct #l1 Disposal Site
located 2 miles east of Clute. Probably no more than a few
thousand cubic feet of each of these types of materials
would be generated during the entire project.

Most of the earth material excavated during project con-
struction would be used within the project, for example,
as dike material around various tanks.

Sewage treatment and disposal would probably be through the
common portable septic-tank system that can be rented from : F

various contractors or through a more permanent system con- §

structed in compliance with State regulations. Any formation
water produced during the well drilling process would pro-
bably be reinjected into the well hole with the drilling

mud or collected by drilling support tank trucks and pro-
cessed in Dow's waste handling facilities.

The major waste product that is generated during system
operation is the ballast water extracted from the tankers
during unloading. An estimated upper limit on the amount

of ballast water to be handled is 50,000 barrels per tanker
of which as much as 5 percent or 2,500 barrels per tanker

may be recoverable oil. To recover this oil, the ballast
water would be processed through a ballast water treatment
facility at the dock site. This facility would reduce the
o0il content of the waste water to a maximum monthly average
of 7 parts per million (ppm) prior to discharging the water
into the Freeport Harbor. No adverse impact is seen in dis-
posing of the waste water in this fashion. On the other hand,
the recovered oil would probably be injected into the cavities.



Similarly, the small amounts of waste oil generated by
the pumping facilities and at other locations would be
collected and probably processed through the ballast
water treatment facility.

3.6 SOCIOECONOMIC EFFECTS

3.6.1 Manpower Requirements

Drilling and Construction

An estimate of the manpower requirements for drilling
to the salt dome, construction of facilities on site,
and laying of pipelines is shown on Table 3.9.

The labor distribution assumes that a primary contractor
vould be hired to coordinate operations. Subcontractors
would be performing some tasks related to plant construc-
tion. A small core of personnel would supervise the
overall operations, and additional supervisors would take
care of component operations. Some of these supervisors
generally do the work of skilled operators and have added
responsibility for coordination and recordkeeping, thus
they are not considered to be separate from the productive
work force. It is assumed that drilling and plant con-
struction operations would be conducted concurrently.
Drilling would operate continuously, using three shifts of
10 men pér shift, or a total of 30 skilled workers. Lay-
ing of pipe on site and construction of surface structures
other than tanks, would require about 50 workers. The con-
struction of four 400,000 barrel steel tanks is expected
to proceed along with other construction and requires
about 25 skilled craftsmen in the welding and pipefitting
trades.

Laying of Pipelines

A 30 inch crude oil pipeline would connect the project with
dock facilities at Freeport about 3.7 miles east and with
the Seaway Tank Farm about 4.4 miles west. A new 24 inch
concrete raw water pipeline would be constructed from the
project to Dow Plant "B" about 6 miles north. This con-
struction would take place concurrently with drilling and
tank construction. The labor force of 50 men assigned to
laying of pipes and surface facilities on the site would
probably be retained for construction of these additional
pipelines.
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Table 3.9. Manpower requirements for preparation and construction on the Bryan Mound Site

Ogerations: Number of Workers*
Drilling** 10 men x 3 shifts 30
Plant Construction 50

and Pipelines

Welders and Pipefitters for Tanks

25

Supervisors**¥ 10

Total time required 10 to 12 months

*
*k
hhk

Note:

All workers are skilled workers
Based on 24-hour operation
Includes an overlap of personnel among operations

Administrative and clerical support not included because positions already exist and project
will require no additional requirements.

Source: Mr. Ed, Williams, Dow Chemical Company, Freeport, Texas.

"




Operation of Facilities

At the most, 10 persons can handle all aspects of facility
functions during storage. This would include equipment
operators, maintenance, security, and administrative per-
sonnel.

During oil recovery procedures, a work force of up to

46 skilled laborers would be required for a period of 5
months. This estimate includes personnel to operate and
monitor pumps and valves, and dock workers to load tankers
with 0il from the storage site. A similar level of man-
power would be necessary when the cavities are refilled

at the end of the petroleum storage period.

Summary

Drilling and construction of facilities at Bryan Mound,
pipelaying operations, and tank construction would all be
underway simultaneously. Total manpower requirements
during the projected 10 months of construction could reach a
peak of approximately 115 men. Because drilling crews
would be working in shifts, the maximum number of workers

on site during the day would be approximately 95. About
10 workers would be on site during each of the two evening
drilling shifts. After construction, the labor force

would be reduced to a maximum of 10 persons who would be

permanent employees of the project.

3.6.2 Potential Sources of Labor and Supplies

The local availability of the required manpower, equipment,
and supplies for the Bryan Mound project would depend upon
the activity of other new industrial plant construction

at the time. If the needs of this project produce a de-
mand -for these resources at a time when local competition
for them is strong, it may be necessary to hire contractors
from a considerable distance.

Industrial expansion has been taking place in the Bryan
Mound area for the past 30 years. There is little unemploy-
ment but a steady influx of outside labor has been enter-
ing the area as jobs have opened up, and large numbers

of skilled workers are available. The site is near the
Houston metropolitan area. It is anticipated that most of
the men would be drawn from Houston and from nearby loca-
tions' in Brazoria County. Most workers would commute to
the site. About 25 workers would be recruited from the
immediate Freeport and Brazosport area. Some workers
would live in mobile homes or seek temporary housing in

the Brazosport area.
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3.6.3 Effects on Community Services

The migration of workers to the area would produce little
stress on community services. Since the area is geared

to servicing large influxes of tourists on a regular basis,
an additional 115 persons would cause little effect. All
roads in the area are constructed for heavy equipment
loads, but would require some additional maintenance.

The availability of standard housing is low in the
Brazosport area. If an outside drilling or pipelaying
contractor is used, and a trailer park is set up for 10

to 12 months to house employees in one of the communities
near the site, some short term stress factors can be
expected. Primary among these would be (a) providing a
drinking water supply and sewage disposal facility, and
(b) providing for the schooling needs of children in
families that move with the workers. Since most residents
of the area are recent migrants from other areas, there
seems little chance of stress due to cultural differences
between the established community and the migrant workers.
There would be no problem absorbing up to 200 children into
existing school systems in Brazosport. (Public school
enrollment in 1976 for grades one through twelve was 10,813) 2"

The area comprising the project site and pipelines would be
under the jurisdiction of the Brazoria County Sheriff's
Department and the Freeport Police Department. Security
forces supplied by the project would coordinate with these
local law enforcement agencies in maintaining the protection
of personnel, equipment, and supplies. Municipal police
forces are well trained, well equipped, and accustomed to
large influxes of people. The project site would have fire
fighting equipment on hand. Auxiliary aid in containing
fires that may spread into the surrounding areas is
available from several local sources.

The area provides an adequate level of health services
for the existing populace. Medical facilities can ade-
quately provide for most injuries to workers onsite.
Workers migrating to Brazosport may cause a slight strain
on medical facilities. Any large scale disaster may
cause serious problems because of requirements for evac-
uation to Houston medical facilities.

The area is geared to provide recreational facilities and

services so any requirements by workers employed on the
project would be no problem. In general terms, the impact
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of the project on community services would produce an
increment of stress that is small compared to existing
stresses resulting from the rapid expansion of the popu-
lation in the area.

3.6.4 Economic Impact

Employment and Payroll

The major local benefits of the project would be the direct
employment and payroll. It is anticipated that a number
of local contractors would be hired for various phases of
construction. Including the men detailed to the project
by these contractors, the payroll for each of the phases
would be approximately as follows:*

Drilling, $ 51,000 per month
Plant Construction 85,000 per month
Mechanical Construction - 42,500 per month
(Tanks and Pipe Fittings)
Supervision 20,000 per month
Total §198,500 per month
Presuming some fluctuation in the number of men on the pay- ?EJ

roll, and some short term sequential projects (tank con-
struction and pipe fittings), the payroll would be rough-
ly between $150,000 and $200,000 per month for the first
12 months. These wage rates are on a par with those being
paid by the construction industry in the area. Except

for those employees who commute from Houston, the income
received by workers would tend to circulate within the
Brazoria County and Brazosport area.

Local Business and Industry

The petrochemical and chemical industry is a vital part

of the economy of the area, and a large number of indus-
tries have been established that provide goods and services
for these operations. Several local industries engage in
maintenance and repair of offshore well equipment.
Fabricated structural steel, sheet steel, steel and con-
crete pipes, and fittings are available in the local area.
It is expected that local contractors would be augmented by
contractors from the larger Houston labor market. Use

of outside labor would not adversely affect current employment
in the area. Because the duration of construction for the
project is confined to 12 months, it is anticipated that

no new businesses would be induced by it.

*Based on a wage rate of $1,700 per month for skilled
workers, $2,000 per month for supervisors.
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Tax Benefits

Sources of tax revenue for Texas and Brazoria County are

(1) severance taxes (and royalties) from the extraction’

of oil and gas, (2) property taxes, and (3) sales tax

(43 state tax on general goods and services). Severance

tax would not apply to this operation. It is assumed that
the site and rights-of-way would be leased, but new equipment
and materials installed there would be federally owned and
therefore exempt from property and sales tax. At present Dow
pays approximately $15,000 in property taxes on the Bryan
Mound site, and in the event that the site was purchased rather
than leased, a like amount would be lost to the county.

In the event that the oil is withdrawn from the salt
cavities, the companies that purchase the o0il would be
exempt from state sales tax if they are registered whole-
salers (most oil companies are registered). Tax benefit
from the project would accrue indirectly from the income
and purchasing exercise of the workers.

Costs

Costs to the community would be primarily those paid for

public servies: electrical, water and sewage connection,

trash collections, police and fire protection, schools, and
health facilities. Costs would be attributable to the

general growth of the communities and not incurred because .,
of this specific project. Road maintenance in the vicinity
of the site would be added costs directly attributable to
the project.

Migration of workers to the area to meet required manpower
needs may cause a period at the end of drilling and pipe-
laying operations when replacement jobs are not available

in sufficient number to employ these workers. This situa-
tion could place a burden on social welfare services if the
workers decide to remain in the Freeport area. However, the
present growth rate of general construction, heavy indus-
trial, and the petrochemical industry in the area indicates
that opportunities for reemployment of these workers would
be available.

3.7 EFFECTS OF ACCIDENTS AND NATURAL DISASTERS

The potentiality of accidents and natural disasters is
discussed in this section with particular emphasis on the
possibility of crude oil or brine spills. The discussion
is based on probabilities of occurrence contained in appro-
priate literature and applied to the specific facilities

proposed for the strategic petroleum storage in the Bryan
Mound dome.

_.l’: -



The probabilities of occurrence were generated from
historical accident or natural disaster data. Care has
been taken to use probabilities generated for circum-
stances and environments similar to those existing for
this project.

3.7.1 Pipeline Accidents

The available liquid pipeline accident or failure data
gathered by the Department of Transportation covering

the years 1968 through 1973 show fairly consistent
statistics.?® Analysis of these data performed in con-
junction with the submission of the Louisiana Offshore

0il Port (LOOP) Project environmental impact assessment
indicated that an accident rate of 0.00136 incidents
occurred per mile/year.2® However, taking into account
the improvements in pipeline materials, manufacturing pro-
cesses, construction, and testing procedures, reasonable
accident/failure frequency was projected to be 5x10-"

per mile/year.26 These probabilities include spills caused
by external forces including natural disasters, corrosion,
operational reliability, and better than a 10 percent con-
tingency category.26

Using this accident/failure frequency, the expected freguency
an incident per year for the various types of pipelines in
this SPR Project is given in Table 3.10. Also present in
this table are the lengths of each of the pipeline systems
and the number of operational years associated with a pro-
gram of 5 fill/withdraw cycles. The oil lines are assumed

to be full for a projected 25 year life of the project.

Employing data from Table 3.10, the probability of a given
number of spills from each of the types of pipelines during
the life of the project may be computed. These proba-
bilities are presented in Table 3.11l. Note that in each
case by far the most probable number of pipeline spills

is zero. In fact, only about a 10 percent chance of a
crude spill is projected and about a 5 percent chance of

a brine spill. The brine spill analysis must be tempered
by the fact that the probability data are based upon higher
pressure oil lines. Even the crude spill probability must
be tempered somewhat because the operating pressures for
most of the crude pipelines at this site are relatively
low (less than 200 psi), and galvanic protection is afforded
to reduce corrosion.

The same data base that was used to compute an accident fre-

quency rate projects the mean spill size to be about 1,000
barrels. Using this mean spill size, the annual crude
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Table 3.10. Expected Accident or Failure Frequency
Approximate Acc?ggﬁgfggilure Approximate
Type of Pipelines Length (mi)a (gzzgzzysgar) Opeggtggzaifvearac
Crude 0il 8.2 .00425 25 d
Brine P 25.0 .0125 5
Raw Water 6.0 .003 3.5

a. Includes approximately 1 mile of line on the dome site for each type.

b. Includes 3 lines each to Plants "A" and "B".

C. Assumes 18~month initial f£ill, five five-month withdrawals, and four ten-month refill periods.

d. Assumes o0il pivelines are filled at all times.

-




Table 3'11"'Probability of Pipeline Failure During Project *

Number of Crude Spills Probability (%)

None 89.4

1 10.0

more than 1 0.6
Number of Brine Spills Probability (%)

None 93.8

1 5.4

more than 1 0.8
Number of Raw Water Spills ; Probability (%)

None 98.9

1 1.0

more than 1 ) 0.1

* Assumes that pipeline integrity is tested prior to initiation of
each withdrawal/refill cycle.
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spill expectation volume is only 4.25 barrels, or the total
crude spill volume expected ove: the life of the project
is only 106 barrels.

The 30 inch crude oil pipeline runs east 3.7 miles to the
dock from the site and west 4 miles to the tank farm. Each
segment contains 20,000 barrels of oil during the life of
the project. A major break during oil transfer would be
detected by fail-safe monitoring. Minor leaks could go
undetected for some time. The maximum credible oil leak
during a storage period might take place as follows. Assume
that the buried pipeline outside protective levees is
punctured without a report of the incident being made. 0il
would seep out under the small pressure head available

until the pressure head went to zero, or a routine pressure
test was made, or the escaping oil was reported and the leak
isolated. The worst case would regquire (1) that the break
occur in a low place (perhaps the crossing under the Brazos
River), (2) that a surface valve was not tightly closed on
the long leg of the line and (3) that pressure checks of
pipeline integrity were not made at intervals. Under

these circumstances a fraction of the 20,000 barrels would
seep out until the o0il surfaced. Eventually a serious leak
would be noticed and traced.

The maximum credible oil spill during oil transfer would be
caused by a complete break, perhaps due to a vehicle acci-
dent, while the maximum flow rate is 20,000 barrels per
hour. The pressure sensors would soon cut off the pumps
but several thousand barrels of oil could be released.

[
.

™

A large pipeline accident spill is unlikely because the
pipeline is protected by burial along the entire route.
Crude leaking from a buried line would be somewhat contained
by the surrounding earth; further, over much of the crude
pipeline route at the Bryan Mound facility, any crude that
did reach the surface is prevented from reaching the open
waterways by the levee systems in the area. Therefore, the
damaged area would be limited and cleanup could proceed
effectively. Similarly, the pipeline spills in the dock
area would be constrained from directly reaching the
Intracoastal Waterway by an existing levee, and that portion
reaching the Freeport Harbor area should be contained by
the dock site equipment or other accident equipment in the
area.

The worst place for a bad spill would be under the Brazos
River; however, the probability of a leak under the river
. during the life of the project is less than .002 and the
probability of a large leak is much less than that. The
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levee system along the Brazos River would essentially prevent
inland penetration of the crude oil. The point of the pipeline
crossing is channeled as part of the six miles of "new river”
dredged in the 1940's. Closing of locks at the junction of

the Brazos River and Intracoastal Waterway would prevent oil
transport into the waterway. Crude oil, if not quickly con-
tained and cleaned up, would reach the mouth of the river and
could contaminate sections of Bryan Beach and Quintana Beach.
Since this area of the river is a dredged channel close to the
ocean, biological communities are represented mostly by transient
marine forms. Impacts on benthis and nektonic organisms would
be similar to those described in Section 3.7.3 for marine forms.

The largest brine line to Dow's Plant "B" contains about
4000 barrels of brine. The smallest contains 1200 barrels
of brine. Brine spills due to pipeline accidents are
assumed to have about the same probability as oil spills
from pipelines. The magnitude of the mean brine spill
size is assumed to be about 1000 barrels as it is with

oil spills.

Should an o0il or brine leak occur within a diked area,
the leaked material would be contained until it could be
removed. A spill above ground in an undiked area would
tend to flow to a lower level until trapped by features
of the terrain or until it flowed into one of ‘the nearby
ponds or lakes. Some of the spill might soak into the
ground and contaminate the upper layer of brackish ground
water discussed in Section 2.2. .

-
0

w

0il which has leaked from a buried pipeline would tend
to migrate to the surface. A brine leak under similar
conditions might diffuse into and mix with the shallow
brackish aquifers in the area. Contamination of the
deeper fresh water aquifers is not expected.



3.7.2 Risk of Oil Spills During Marine Transportation .

Introduction and Summary

This section presents estimates of both the probability and
the size of oil spills arising from accidents during marine
operations and transport. Marine operations considered in-~
clude the voyage of the tankship through the Freeport Harbor
Entrance Channel and associated waterways from the Gulf to
the terminal, and loading and offloading operations at the
terminal. Accidents include vessel casualties such as
collisions and groundings, and mishaps at the marine termin-
al such as failure of a hose connector, overfilling a tank,
opening the wrong valve, etc.

A detailed description of the estimated risk of oil spills
from accidents is presented in the following two subsections.
A summary is provided in the following paragraphs.

The estimates are based primarily on statistical analyses.
The number of vessel casualties, which would result in the
spill of oil, were derived from the Coast Guard's listing
of Commercial Vessel Casualties for fiscal years 1969 through
1974. The count of ship traffic was obtained from "Water-~
borne Commerce of the United States, U.S. Army Corps of
Engineers. Combined, these data yielded the expected fre-~
quency of spills per transit of a tankship from the Gulf to
the terminal. Similarly, the frequency of spills for load-

ing and offloading oil at the terminal was obtained from .
incidents reported by the Coast Guard's Pollution Incident

Reporting System and Corps of Engineer traffic data, both

covering the entire United States. The distribution of the

quantity of oil spilled, with the number of spills, was de-

veloped from the Coast Guard Commercial Vessel Casualty data

for losses from tank barges in Western Rivers* and the in-

land Gulf region. The gquantities spilled are distributed

log normally versus number of fraction of spills. This re-~-

lationship was modified for application to tankship casual-

ties and accidental spills during loading and offloading at

the marine terminal.

w

The above methodology is based on the assumptions that the
planned crude o0il transport operation is essentially the
same as that for which the accident experience has accrued
and that the added ship traffic in the Freeport Entrance

*Primarily the Mississippi River system.
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Channel does not in itself increasé the likelihood of acci-
dents. These assumptions seem justifiable. For the first
assumption, the facilities, tankships and barges to be

used will be nearly the same as those now used in the area.
For the second assumption, it may be noted that traffic along
the Channel is one way?’, movements in one direction at a
time. Hence ship collisions have not been observed and the
increased traffic caused by the movements of crude oil

should have no effect on the accident rate of a ship.

The estimates of risk of accidental oil spills is summarized
in Table 3.12. The expectation quantity of crude oil
spilled per trip from vessel accidents, such as groundings,
rammings (striking fixed objects, submerged or on or above
the water surface), structural failure, fires and explo-
sions, etc., is 0.59 barrels per trip for the tankships
(254,000 barrels capacity). Accidents at the marine ter-
minal, such as overfilling a tank, opening the wrong valve,
etc., have an expectation quantity spilled of 0.86 barrels
per trip for either barges or tankships. The total expected
quantity of oil spilled during the transport of 5§x106
barrels is 331 barrels for transport by tankship.

w

Figure 3.4 shows the frequency distribution of spill sizes
for tankship accidents.

If barges rather than tankships are used to transport

the crude o0il, the expectation of spills and the amount of
spill o0il would be larger than 331 barrels. The reason for
this is that the barges have a smaller capacity and hence
must make a larger number of trips to transport the same
quantity of oil. The spill frequencies per trip for barges
and tankships are nearly the same.

As is well known,oil spilled onto water produces a very ex-
tensive slick. The following relationship between spill
quantity and slick area or radius, assumes unhindered (no
wind, currents, or surface obstacles) spreading and a
circular-shaped slick:28

A= nr2 = 2.52 x 10% (v) 3/%

Where A is square meters, r is the radius of the slick in
meters, and V the volume spilled in barrels.

These dimensions are achieved 24 to 48 hours after the spill.

For the median spill quantities listed in Table 3.12. the
ultimate slick dimensions were computed:
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Table 3.12

Risk of Spills of Crude Oil from Marine Transport

Accidents at the Bryan Mound Site

Frequency of oil spills from vessel casualtiesb,
spills/trip

Median gquantity of oil spilled from vessel
casualtiesb, bbl/spill

Expectation quantity of oil spilled from vessel
casualties®, bbl/trip

Frequency of oil spills from accidents at the
marine terminal, spills/trip

Median quantity of oil spilled from accidents at
the marine terminal, bbl/spill

Expectation quantity of oil spilled from accidents
at the marine terminal, bbl/trip

Total expectation quantity of oil spilled for
transport of 58x10% bb1l,

4 228 tankship trips

b Groundings, rammings, structual failure of vessel, etc.
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5300

0.59
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Quantity Spilled

{barrels) 18 5300
Slick area (m?) 0.22 x 10°® 15.6 x 10°
Slick radius (m) 469 2232

Freeport Harbor and its Entrance Channel are surrounded by
firm banks or levies. Hence spills of oil would be con-
fined to the waterways. Since winds are predominatly from
the south through to the east, oil slicks would tend to
move further into the harbor channel or westerly along the
Intracoastal Waterway which intersects the channel about
3/4 of a mile inland from the Gulf. However, during times
of a strong ebbing tide, part of the slick might be carried
outside of the entrance jetty. Slicks from spills outside
the jetty would be carried onto the beach, south of Free-
port, by the strong westerly currents in the area.
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Risk of Spills from Vessel Casualties

The estimation of the frequency of shipping accidents and
spills of o0il was based on the number of reported accidents
t0 tankships and tankbarges compared with the number of
trips these vessels made into U.S. ports along the Gulf
Coast (Brownsville, Texas to Key West, Florida). The
accident data was obtained from the U.S. Coast Guard
Commercial Vessel Casualty Reporting System in which
pertinent items of information have been recorded on
magnetic tape. The data for the Gulf Coast area are
summarized in Tables 3.13 and 3.14 for tank ships and tank
barges respectively.

Only casualties which resulted in loss of cargo, i.e.,
rupture of at least one of the cargo tanks, were counted in
the estimate of spill frequency. From the tables, only 1.4
percent of the reported tank ship casualties and 3.9 percent
of the reported tank barge casualties were sufficiently
gsevere to result in a spill of the cargo.

This data base is believed to be accurate and complete. The
reporting system has been in effect for over 10 years, and
by law, all vessel casualties with more than $1,500 total
damages must ke reported. Casualties sufficiently severe to
cause the loss of cargo invariably involve total damages
mach greater than $1,500.

For all U.S. ports along the Gulf Coast, there were a total
of 9,830 inbound tank ship trips and 76,856 inbound barge
trips during calendar year 1974.29 For a 6 year period
corresponding to FY 1969 through FY 1974, it was estimated
that there were 60,000 tank ship trips into Gulf Coast
harbor during which liquid cargo was carried. Similarly for
tank barges, the estimated 6 year count was 460,000 trips.
These estimates are believed to be correct to within at
least a factor of 2. The reason for this is that the count
of outbound ships and barges very nearly equals the inbound
count and it is likely that many, if not most, carry a
liquid cargo. ‘

In estimating the frequency of vessel casualties with cargo
loss, the category "collisions" in Tables 3.13 and 3.14

was excluded from the accident count. According to the
Captain of the Port (U.S. Goast Guard) for the area, the
traffic in the entrance to Freeport Harbor is one way
because it is so narrow (200 to 300 feet). Vessels
traversing the channel in one direction must complete their



Table 3.13. Tankship Accidents In Iniand Gulf
Waters During Fiscal Years 1369-1974

Cause

Collisions
(with other vessels)

Rammings
(collisions with fixed,
floating and submerged
objects)

Groundings

FPires and Explosions

Structual Failures

Other

(flounderings, capsizing,
€looding, undetermined)

Total

Total (less collisions)

Number of
Vessel Casualties

81

75

14

24

11

208

127

Numbar of
Vessel Casualties
with Cargo loss

("
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Table 3,14.

Cavse
Colliisions
{=i+*h other vessels)
Rammings
{collisions with fixed,
ficating and submerged
nhiects)
Groundings
Fires and Explosions

Structual Failures

Other

Tank Barge Accidents In Inland Gulf
Waters During Fiscal Years 1969-1974

Number of
Number of Vessel Casualties
Vessel Casualties with Cargo Loss

{(flounderings, capsizing,

flooding, undetermined)

Total

Total (less collisions)

712 25
383 9
122 8
19 0
25 4
35 4
1,296 50
584 25
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passage before vessels can commence a passage in the
opposite direction.2?

Accordingly, the frequency of casualties of cargo loss for
tank ships becomes:

2 (logsses in 6 years)
60,000 (transits in 6 years) = 3.3x10-5 spills/transit.

For tank barges, the same estimate becomes:

25 (losses in 6 years)
460,000 (transits 1n 6 years) = 35,4x10-5 spills/transit.

It should be noted that these frequencies of spills are an
average for the entire inland Gulf Coast area. On the other
hand, for Freeport Harbor and its entrance, there have been
no spills from tank ship casualties during the 6 year
period.

The Coast Guard Vessel Casualty data reports the dollar
value of the cargo loss. These data for tank barge
casualties in both the Gulf Coast region and on Wesktern
Rivers (mainly the Mississippi~-Ohio River system} have been
plotted in Figqure 3.5. The cost of the material spilled in
each incident is distributed log normally with the number of

spills. The cumulative distribution curve in Figure 3.5 A
should be interpreted for any jiven percent of all spills [

as having cargo value equal to or less than the indicated

value. Most of the spilled cargos consisted of crude oil .
and petroleum fuels, and at the time most of the spills

occurred, it is assumed that the average wvalue of these
materials was $3.00 per barrel. Using this value, the data
in Figure 3.5 were converted to a frequency distribution of
quantity spill as shown in Figure 3.6. The curve in Figure
3.6 begins to bend over at spill quantities of 3,000 to
10,000 barrels and this reflects the fact that the capacity
of many barges is between 10,000 to 20,000 barrels.

The median quantity spilled is approximately 1,100 barrels.
From Table 3.15, the most common tank barge sizes are 1,500
2,750, and 3,000 tons. These barges will hold 15,000 to
21,000 barrels of o0il in 6 tanks of 2,500 to 3,500 barrel
capacity each. Hence the median spill represents
approximately 1/3 the capacity of a typical barge cargo

tank. The reasons only a fraction of the contents of a
cargo tank is spilled are that the damage in a casualty
is such that all the cargo cannot leak out, and that the
outflows often are sufficiently slow to permit taking
measures, such as transfer of the cargo to another vessel
or tank, to limit the amount lost.
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QUANTITY OF SPILLS (bbl.)
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Table 3.15. Barge Size Distribution, Tank

Representative

Barge Size Draft Draft Nominal Numberx
(Dimensions in ft) Empty (ft) Loaded {ft) Tons/Barge of Barges
508 x-90 4.0 34.0 32425 1
340 x 54 2.5 11.0 4680 13
290 x 53 1.5 11.0 3000 520
240 x 50 2.0 9.0 2750 427
185 x 54 1.5 , 9.6 2100 154
ézo x 40 1.5 ' 9.0 2000 65
148 x 54 1.5 9.0 2000 99
195 x 35 1.5 9.0 1500 662
180 x 35 1.5 9.0 1300 105
135 x 40 1.5 6.0 1000 276
215 x 25 1.5 9.0 © 1200 3
175 x 26 2.0 9.0 1000 38
140 x 26 1.0 6.0 626 . el
110 x 30 1.5 6.0 345 191

(Source: U.S. Army Corps of Engineers Waterborne Commerce Statistics Center, Transportation

Lines on the Mississippi River System and the Gulf Intracoastal Waterway 1974 (Transporta-
. tion Series 4)). ‘e




The barge spill distribution curve was modified to estimate

the spill size distribution for tankship casualties. For reasons
suggested above, it was assumed that the loss of 1/3 the volume
of a single tank would be equivalent to the median spill from a
tankship casualty. 1In addition, the slope of the tankship spill
distribution (i.e. the variance) was assumed to be the same as
for tankbarges. Table 3.16 shows the approximate characteristics
of the tankship (32,000 DWT) to be used. It was estimated that

a wing tank on this size vessel wculd contain 15,900 barrels, and
that the median spill would be 1/3 of this or 5,300 barrels.
Assuming the same slope as for the tank barge spill distribution,
the spill size distribution for tankships, shown in Figure 3.7 is
obtained.

Figure 3.7 also indicates the reasonableness of this

estimated distribution. The distribution of spill sizes

froq all tankship casualties in U.S. inland coastal waters
during fiscal years 1969 through 1974 is shown by the points
plotted. These lie below the estimated curve for a 32,000

DWT tankship as expected since the casualties include a

large number of smaller tankships. The available data indicate
that the prediction gives a conservative estimate (tend to over-
estimate the consequences).

Estimates of the expected spill size frequency from tank
ship and barge casualties are presented in Tables 3.17 and
3.18, respectively. The per trip frequencies are simply the
product of the spill frequency and the fraction of spills in
the given size range from Figures 3.6 and 3.7. These data
were used to help derive the estimates presented in Table
3.12 and Figure 3.4 discussed above. The expectation
quantity of crude oil spilled is the sum of the products of
frequency and quantity spilled (average of the ranges in
Table 3.17) for all spill sizes.

w

L]
-

-

Spills at the Marine Terminal

spill frequency and size during operations at the tank ship
terminal were estimated in a manner similar to that used for
vesgsel casualties. A count was made of the total number of
spills and quantity spilled at marine terminals during a
single year, 1974. Next, an estimate was made for the total
number of barges and tankships loaded or unloaded at these
terminals. Spill frequency was obtained simply from the
quotient of number of incidents and the number of loading
and offloading operations. A spill size distribution was
estimated by adjusting the distribution in Figure 3.6 such
that the median equalled the size of the average spill.

Data on the individual incidents were not examined and the
actual size distribution could not be developed.



Table 3.16

Characteristics of Tankships

60,000 DWT? 32,000 DWT®

Length Overall, feet 731 666
Beam, feet 105 84
Draft, feet _ 43 35
Gress Tonnage 32,000 -
Net Tonnage 23,000 -
Number of Wing Tanks 8 8¢ .
Approximate Capacity of N

the Wing Tanks, bbls 27,500 15,900°
Number of Center Tanks . S 5¢
Approximate Capacity of e

the Center Tanks, bbls 46,000 . 26,600-
Total Cargo Capacity, bbls 440,000 254,000

a "Offshore Petroleum Transfer Systems for Washington
State,” Oceanographic Institute of Washington,
Decenber 16, 1974, p. III-54.

b Maritime Administration, Office of Port and
Intermodal Development, Report No. 1 on Support
Task No. 6 for Strategic Petroleum Reserve
Program, FEA, Draft, April 13, 1976.

¢ Estimated.
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Bstimated Spill Size Frequency
From Tankship Accidents
(Permanent Fill and Distribution System)

Frequency Frequency
Spill Size (Per Tankship per Transport
. ABBLS) Trip) of 58x106 BBLSa

-6 ‘a4
4300 1.45x10 3.31x10
300-1,000 3.83x10°° 8.73x10" %

- -3
1,000-2,000 6.77x10"° 1.54x10
3,000-10,000 9.41x10"° 2.15x107° .k

- -3
10,000-30,000 6.60x10"° 1.50x10

- -4
30,000-100,000 3.63x10 0 8.28x10

‘ - -4
>100,000P 1.32x107° 3.01x10

a 228 Trips .
b Maximum quantity spilled is 254,000 bbls,
the capacity of the tankship.
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Table 3.18

Estimated Spill Size Frequency
From Barge Accidents
(Intermediate Fill System)

Frequency

Spill Size Frequency per Trangporta

(BBLS) {Per Barge Trip) of 58x10 BBLS

-6

4100 3.83x10 0.011
100-300 7.61x10"° 0.021
300-1000 1.41x107° 0.039
1000~3000 1.34x107> 0.037
3000-10,000 1.16x10"° 0.032 .k
»10,000° 3.62x10"° 0.010

a 2762 Barge Trips
b The maximum quantity spilled is 21,000 bbls,
the capacity of the barge.
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The data base for the pumber of spill incidents was the U.s.
Coast Guard's Pollution Incident Reporting System (PIRS)2S
Data for the year 1974 are reported in summary form by the
Coast Guard. The number of spills and the total amount
spilled in the entire United States at marine terminals from
the shore facility and from tankship and tank barges at the
terminal have been accumulated and broken down by type of
cause. These are reproduced in Table 3.19. It is not clear
from this source if all these spills were associated with
loading and unloading operations. However, from the nature
of the causes listed, they could have been. The assumption
made here is that they were.This is conservative in the
sense that the number of spill incidents associated with
loading and offloading may be overestimated. 1In this vein,
a question arises concerning the completeness of the data.
The requirements according to law are that all spills of
polluting substances must be reported.30¢ U. S. Coast Guard
personnel feel that all of the larger spills eventually are
reported. Therefore, the data base is deemed to be
adequate,

The manner in which the number of loading and offloading
operations were counted also tends to overestimate the
frequency of spills. During recent years, there have been
approximately 33,000 tank ship trips into all U.S. ports
annually.31 Tank barge trips into U.S. ports during 1974
were approximately 126,000 trips.2? Also, during 1974, there
were 34,000 east bound tank barge trips along the
Intracoastal Waterway.29? It is assumed that for each inbound
trip into a port, a tank ship or tank barge makes at least
one stop to load or offload a bulk liquid cargo. On the
Intracoastal Waterway,, the assumption is made that the
number of trips in one direction (only) corresponds to at
least 2 loading/offloading operations (one at the origin and
one at the destination). This adds to a total of 227,000
loading and offloading operations. Not included in this
count is the appreciable tank barge traffic along the
Mississippi River system. Therefore, a total of 2.3 x 108
loadings and unloadings of bulk liquid cargo are assumed to
occur annually at marine terminals in the United States.
Because of the count of operations left out, it is believed
that the value 2.3 x 10% may be low by a factor of 2.

™

' [
-
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Cause

Tank Ruptures, Leaks

Pipe and Hose
Ruptures and Leaks

Valve Failure
Pump Failures

Other Leaks and
Equipment Failure

Tank Overflow
Personnel Errors

Intentional Discharges
Including Bilge Pumping

Natural or Chronic
Phenomenon

Unknown

Total

Average Spill

Table 3 . 19

Spills Loading and Offloading Bulk Cargo
At a Marine Terminal

Shore Facility Tankships and Tank Barges

Number Total Number Total

of Incidents Barrels Spilled of Incidents Barrels Spilled

7 477 - -

82 921 117 296

21 191 . 120 722

9 1,742 18 19

81 250 182 957

30 24,179 366 2,916

85 2,340 278 1,994

6 73 112 1,016

22 420 4 ' 0

21 28 116 7,647

1,313 15,567

364 30,621

84 bbls/spill 12 bbls/spill

‘ﬂﬁv




Table 3.20

Estimated Spill Size Frequency
From Accldents During Loading
or Offloading at the Dock

Frequency per

B

spill size ‘Frequency Transport of 58x106BBLS
(BBLS) (Per Operation) By Tankships®

<3 1.15x107> 0.26

3-10 1.16x10">  0.26

10-30 1.74x107° . 0.40

30-100 1.51x10”> 0.34 E
100-300 7.99x1074 0.18

300-1,000 3.69x10"2 0.08

>1,000 1.28x107% 0.03"

a 228 Tankship Trips



QUANTITY PER SPILL - Barrels

10°

= S E 31 T i HHL, H 13 131 3 =
= 14 1 4 ) FAHA 4= -
-1 |- 3 4113} ! : HHHEA 144- :L::-_-’:
Sy s BN I ERRE T . g = 1=
= ik | ifi H 1 3 =
.— :_.'4 < -4 . 3 - 1 }“, LL»- [‘ _}_ ‘ -
S , : i ;

3+
E ! 157 AR
. H 1984 4 i1
] 1] H q" | ] 1

- RERBERERE 4 M {4 4§44 2 1 - 11

- 4- ? : 11 1 44 4 £44 41 4 1 i __er .L? : d}. ]

4 p £ {444 EUIZR)FRE: s H 4 .‘L: +-{ -4+

LA l§ 4

4 L<_41..
1 HiHH L
£ i3 ApRPIER
% HH34 B y
N1 R &
i T o X
Seven = = ==
L:-"M i :1[.1 R EIAINEaE 32 1 3=
. ] RERT T
: LIEELEF AR EREBEE
$-3-4 9 333 g
3 3

»

ST oL AT :
N - =1
EE st (xidtiREnkgy, o o gl s Sew §
B :Fg'?f;ur‘ MR TR A3 ) A=
o g G s RERAT Mg’ 4NN | éﬁt’" e R R E e e o =
o et O 1 Haghis Fitliititeitiitisalesd lhans 1 .
b* - — —

Ll
S
[y
LY
e
|
L'
==
s
RN
S ey
3%
z
;
=
i
L
1
L
{
1 1
]
f)
1

bt ..’.‘.”c =

EO YRYTY TS (M1

1

i

e,

e

e

A NS

Svaa fumda | war
I35 rig

i
T
ey
e
civs
=
T
L
i
Y
n
it

; _lm_'

TR LI It
1l
"
1
L
. Y
: RSN DYBEN PSS
WSS
puz]
s
T
Ay
1
§
vl
21

EmERE :’ s of 0il Spilled in Accidents

Tankships and Barges

4+

L AT

o

=z ] HH 1 H i EEETRSEEREL T
= R EEEEREE s BRI H H FHHEHATIEAR 13 :
& EEEE ”Tj””#*i 14 i ‘LJ HHiH] T S =
o MRS EEREES ¢t i . : AR -
FEA TR, Fiovwe 3-8 Estimated Distribution of Amount]i5

- I3 11131 f‘ Involving Offloading or Loading ——E

e s REZ A HH s HH

o ooy

it o et

2% 5 10 15 20 30 40 50%60 70 80 8 90 95
CUMULATIVE PERCENTAGE OF SPILLS

3-72




. Combining this value with the number.of spill incidents
listed in Table 3. 19. the following spill frequencies are
obtained:

364
2.3x105 = 1.58x10-3 spills/trip

from the terminal itself, and

1313 .
Z2.3x105 = 5,.,71x10-3 spills/trip

from the tankship or barge during loadings and offloadings
at the marine terminal.

The estimated log normal distributions of the quantity of
oil spilled are shown in Figure 3.8. As before, these were
derived from the distribution in Figure 3.6 using the
average spill sizes listed in Table 3.19 as the median

cFE
values.* Finally, the frequency of spills in a given size B
range was calculated as the product of the spill fregquency
and the percent of spills in the size range. These are
. listed in Table 3.20 and were used to help construct Figure
3.4 discussed above. The data listed in Table 3.20 also

were used to calculate the median spill size and expected
spill quantities listed in Table 3.12 above.

*This tends to overestimate the size of ‘the spills in the
distribution since the median value in a log normal distribution
is always less than the average value.



Ecological Impact of Oil Spills

The potential biological damage from oil spills in the dock .
area or between the terminal and the storage cavities in the
salt dome is slight. Most of the pipeline between the dock
and dome is confined in an entrapment basin formed by storm
levees and higher ground. The lower part of the basin is a
highly disturbed marsh without natural outlets. It is rou-
tinely drained by pumping. Some points on the dome are con-
taminated with sulfur. Vegetation in these places is stunted.
Small oil spills in this area which did not contaminate the
marsh water could be disregarded, with natural degradation
allowed to take its course. Cleanup would be required with
larger spills or if the water were contaminated. Proven
cleanup services are readily available in the area. The

only complication might be spills which occurred when there
was any overflow, as during storms.

The channel to the dock area and other water channels near-
by have a greatly impoverished biota because of the contin-
uing disturbance from shipping and other water traffic and
the maintenance of channel dimensions by dredging. Pesti-
cides, fertilizers, industrial chemicals, and sewage efflu-
ents may also have an influence even though the harbor is
now bypassed by the main flow of the Brazos. A poor water
circulation pattern in the area Intracoastal Waterway has
been associated with low dissolved oxygen and low organism
abundance.?! Examination of the grease and oil levels given
in the appendices shows a range in the area in sediments up .
to the threshold of polluted conditions (1,500 ppm). Levels

are generally considerably greater than for natural hydro-

carbon levels (26 to 130 ppm) .32

-

A spill into water at the tanker terminal could be rapidly
and effectively cleaned up in view of the availability of
cleanup services. However damage would occur before con-
tainment and removal. Impact of a large spill in the con-
fined area of the harbor would be great, but would affect
only this small area. A median spill of 5,300 barrels
would spread to cover approximately 3,759 acres of water
surface in 24 to 48 hours after the spill under idealized
conditions of no wind, currents, or surface obstacles. The
lock gates on the Intracoastal Waterway would limit spread
to the southwest, keeping oil out of the new channel of
the Brazos ‘River.

Offshore spills or spillage from the pipeline to the Seaway

Tank Farm would have impacts on more diverse and productive
communities than those of the harbor and dome. Marsh and
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coastal prairie are the environmental types through which
the pipeline would pass. Ocean spills could have an impact
on beach areas near the dome as well as on marshland up and
down the coast. The marshes and associated bodies of water
could be affected from either the coast or inland side.

vommunities in the salt dome and dock area include some organ-
isms of the marsh and coastal prairie biotopes upon which

the pipeline to the Seaway Tank Farm would intrude. However,
many species are missing and some may be prominent which
otherwise would not be, simply as a consequence of the highly
disturbed conditions. Some species characteristic of dis-
turbed locations may even be present. Additional distur-
ppances of a limited magnitude may actually tend to perpetu-
ate these communities.

Containment and cleanup operations under the U. S. Coast

Guard Sixth Regional 0il and Hazardous Substances Contin-

gency Plan would prevent most o0il from major spills some
distance out to sea from reaching land. However, all oil

would not be removed and background levels in the Gulf of
Mexico would be increased. 0il levels in Texas coastal

waters have been associated with harm to biota. An increase

in these levels would exacerbate the detriment. Average

effects of chronic pollution on plankton species diversity :
have been indicated by field studies in the Galveston Bay :
area although the data were not conclusive.33 Shallow

water ecosystems of the Texas coast which receive oily

wastes show reduced species diversity and community -metab-
olism (photosynthesis and respiration). In such ecosystems,
there commonly are large diurnal fluctuations in dissolved
oxygen concentration - 'and sometimes approach near-anaerobic
reducing conditions at the bottom.

™

Dispersal of oil spilled in the open ocean is difficult to
assess. The circulation of the inner Texas continental shelf
is indicated to be primarily wind driven but also affected
by substantial tidal motions.®2? A computer evaluation by
Texas A&M Research Foundation of the trajectories of hypo-
thetical daily major oil spills over'a two-year period based
on normal wind and current conditions and from 31 miles out
to sea from the Freeport vicinity indicated that landfalls
would generally occur between Port Arthur and Corpus Christi.
Probabilities were very small for the oil contacting land
outside this section of coast. The majority of predictions
were for landfalls between Galveston and Arkansas Pass.3°

The Texas shoreline from Galveston to Freeport and in the
Corpus Christi area is highly developed and extensively

used for recreational gurposes but the rest of the coastline
is sparsely populated.3? There are a number of coastal wild-
life refugres. The barrier island system along the Texas
coast interfers with the introduction of o0il from the gulf
proper into estuarine systems.3°
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i may exist for very long-range dispersal. Dissem-
?nﬁizznZ;:lknozn to have moved to Gglf of Mex1co.beaches grom
other parts of the U. S. Coast, Mexico, the'Cargibeapirﬁglon,
Central America and northeastern Sogth America. o1 . as
been estimated to have been afloat in the Gulf as chunks or

pieces for as long as 4 or 5 months. This may be attributable

fo eddy systems which retain them.>3

i il i i d on beaches is
The persistence of oil in water, sedlmegts an : h
not Sell guantified but may involve periods extending for
years. Subsurface water supplies would not be appreciably
affected by spills in surface water.

Agquatic Impacts

The impact of releases inta water is primarily dependent on:
(1) the amount and type of oil released, (2) the time of
year, (3) how long the oil "weathers", (4) the number and
frequency of spillages, and (5) the type and efficiency of
cleanup operations. These concerns also apply to releases
on land except that consideration of spill "weathering" is
inappropriate. A large potential for introduction of oil
into water from land is frequently present. Oil at the land
surface is subject to transport by runoff. The oil may in-
filtrate to the level of ground water. From there it may
seep into surface bodies of water. 0il also moves to land
from water as deposits on shores or beaches or, in cases of
floods, various projecting landscape features.

Oil spilled in water would come into almost immediate con-
tact with aquatic communities. The oil would be affected
after release and/or during transport by separating pro-
cesses of evaporation, dissolution, emulsification, sedimen-
tation, and chemical oxidation, as well as biological degra-
dation. There would be differential effects of surface ten-
sion forces on different components. The lighter, more toxic
0il components are lost by evaporation. This creates a sur-
face residue which may become heavy enough to sink. Parti-
cles in suspension (silt, clay, organic material) may combine
with the oil so that sedimentation is increased. Conditions
of increased turbidity, such as during periods of high sur-
face water runoff or water turbulance, would increase this
effect. Bacterial masses in a slick can increase sedimenta-
tion also.33 Emulsification, perhaps aided by human addition
of surface active agents, may result in suspended globules
which disperse.3? Emulsification of water in the oil rather
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than oil in water can occur and tends -to hold the ©il mass
together. 33 In wetlands, vegetation absorbs oil and is a
barrier to its dispersal. A typical holding capacity is
about 25 barrels per acre for 75 percent of the oil
spilled.

Main groups or organisms which might be affected by oil
spillage into water include plankters, nekton, benthos,
macrophytes, periphyton, microbes, and aquatic birds and
mammals. These groups, except for microbes, are described
in Section 2.4. :

Plankton, being able to move at relatively slow speeds if

at all, would be unable to effectively avoid spill areas.
Many zooplankters exhibit daily vertical migrations.

Whether they would be deterred in this by oil at some level,
most probably at the surface or bottom is not known. Organ-
isms which are planktonic through their entire life cycle
generally have a high level of reproduction within lifespans
of short duration. They are able to rapidly replace losses.
If they were not subjected to a continuing stress, there
would be only short term effects. Field data do not con-
clusively demonstrate an effect. Fish eggs and larvae of
many benthic organisms (including oysters, shrimp and crabs)
are major components of the temporary zooplankton. These
immature stages are often more susceptible to toxic materials.
0il may be ingested by some zooplankton and constituents or
it may be transferred to higher levels in food chains.

There is little evidence for concentration of the constituents
at these higher levels. At dissolved oil levels likely to
occur near a heavy spill or an area of chronic pollution,
rhysiological effects have been documented for phytoplankton.
Photosynthesis was accelerated at lower concentrations (10
to 30 ppb) and diminished at higher ones (60 to 200 ppb).33
Organisms associated with the water surface, the neuston,
would presumably be subject to toxic or mechanical effects
from contact with fresh oil slicks. Under laboratory con-
ditions involving oil suspensions, droplets of oil have been
noted to adhere to spines of marine phyto- and zooplankton,
especially after contact with the surface £ilm.3%

w

L3
-

Fish, alligators and other larger underwater swimming animals
(nekton) should be able to avoid spills. There is evidence
suggesting avoidance behavior.33 Kills have generally only
occurred in restricted bodies of water and probably are
attributable to direct toxic effects, lowered oxygen by re-
striction of diffusion from the atmosphere or increased bio-
chemical oxygen demand, or a combination of these. 0il pro-
ducts have been shown to be gquite toxic in the laboratory.
Fishes may be more resistant than many organisms because the
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mucus with which their exterior body surfaces are coated is
oil repellant.33 Microscopic studies on gills of fish
collected after exposure to oil spilled off the Louisiana
coast showed effects of the exposure including loss of
cells, "sloughing", and swollen branchial filaments. These
responses were attributed to direct toxicity of hydrocarbon
fractions within the water column. 33 Toxic effects of aged
crude may be greater than for fresh crude.3§

Fish may be contaminated by intake of petroleum hydrocarbons
in food. This may be associated with tainting, which may
persist for several months.33 Lack of sufficient cleanup
after a release near the dome would result in a loss of use
of fish as food due to the persistance of hydrocarbons in
fish flesh. General physioclogic effects.of oil uptake
which influence fish production have not been demonstrated
but are thought to exist.

Benthic organisms would be affected mainly by covering over
from sedimentation. Reduction in oxygen levels could also
be important. Bottom organisms would be susceptible to
smothering or to alteration of substrate characteristics.
The substrate may be altered so that its former functions as
an attachment surface, a food source, or source of cover may
no longer be available. Contaminated bottom sediments can
act as sources of occasional or continuing recontamination
of the water above. Effects would of course depend on the .
area covered, thickness and composition of sedimented oil, s
and how long the oil is present. 1In cases of large-scale
marine-spill oil settling, kills have been extremely large,
with almost complete elimination of animal life.}3 Effects

have been noted to persist for many years under these circum-
stances. Organisms are not equally successful at recoloni-
zing polluted areas and several years may be required to re-
attain pre-impact levels of diversity and community

structure. Bottom organisms can accumulate petrnleum
hydrocarbons in their tissues after ingestion.®’ Degrada-

tion of settled o0il would result in a change in its composi-
tion. Longer persistance may be expected of some of the more
toxic components, resulting in longer term harmful effects.

w

-

Aquatic macrophytes are the dominant organisms in the marsh
areas. 0Qils can penetrate into plants either through sto-
mates or directly through the epidermis. Oil can interfere
with transpiration and translocation of materials, by
travelin%'within intercellular spaces, blocking them and
stomata.’?® 0il may also travel in the vascular-system.d’
Rates of cellular respiration may be increased or decreased.
Photosynthesis can be inhibited. Cell membranes may be sub-
stantially damaged by contact with oil hydrocarbons, result-
ing in leakage of cell sap into intercellular spaces and
admitting oil components into the cell.37
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One time coatings of marsh plants by small to intermediate
quantities of oil are not exceedingly harmful, but re-
peated oil releases are lethal. One-time exposures have
resulted in death of heavily coated shoots with regrowth
from living roots. Very heavy oil contamination may
smother the entire plant. Damage varies with the

season. ctive growth processes are adversely affected.
Annuals tend to be more affected if coated during active
growth periods since perennials may regenerate from their
roots. O0il may also influence such growth functions as
flowering, seed development, and vegetative reproduction
by underground roots. Growth stimulation following oil con-
tamination has been reported by several investigators. It
has been hypothesized that this might be a consequence of
an increased level of nutrients, a "fertilizing effect."33

Periphyton communities are very substrate dependent as is
true with benthic communities. Since organisms of such
communities tend to be small, an oil coating would probably
have a very great impact, obliterating most of the community
where present. Many of the periphytic organisms are related
to plankton. They share with them great potential for in-
creasing numbers in a short period and probably have similar
sensitivities to dissolved o0il fractions. After the oil is )
degraded or otherxwise removed, they should recolonize suita- | L
ble surfaces relatively rapidly. ’

Effects of oil on micro-organisms (bacteria, some fungi and
yeasts) are not well described.3® However, micro-organisms
are generally conceded to contribute to oil degradation.
The question has been raised whether significant microbial
growth on oil might require minimal levels of nitrogen
and/or phosphorus availability in the general aquatic
medium. In a system with a high detrital component in a
warm climate, such as the marsh ecosystem, it appears that
conditions would be good for biological degradation.

Birds and mammals are subject to loss of insulating capa-
city if their feathers or fur come into direct contact with
an o0il mass. 1In the case of swimming birds, buoyancy is
lost. An affected bird may drown, rapidly lose body heat
and starve because of the increased metabolic rate required
to sustain heat production, succumb to pneumonia, or be
poisoned by ingesting oil during excessive preening. Birds
which have come into contact with oil may be diverted from
- feeding by the excessive preening behavior. Outright
poisoning may not result from ingesting the o0il, but other
physiological disturbances may occur. Oil-exposed birds
may not lay eggs, or eggs that they do lay may not hatch.
Survival after oil gets on the feathers is very low. Even
with birds treated to remove the 0il, survival generally has not
exceeded 20 percent33? Mammals frequenting water such as



muskrats, mink, and octhers are not recorded for the general
coastal area around Bryan Mound.® Birds, including winter
populations of geese and ducks, are very abundant, and a
habitat with oil in it is not suitable for them.

Terresgstrial Impacts: Oil impacts on land could result from
pipeline spills. Levels of impact would depend on the
amounts of oil released, biological richness and physical
characteristics of the affected area, and times of year when
the releases occurred.

Effects on plants and soil animals (springtails, mites,
nematodes, earthworms, etc.) can be expected to be severe
but very localized in the immediate area of the leakages.
If roots of plants are coated or restricted in oxygen
availability or water uptake, the plants will soon die.
Other organisms in soil -~ bacteria, fungi, algae --
probably would not be uniformly affected. Under conditions
of good aeration and nitrogen and phosphate availability,
there probably would be proliferation of soil microorganisms
which could degrade the oil. Indeed, a current method for
disposal of oily wastes is spreading them.out and plowing
them under so that bacterial degradation is facilitated.*?

With a median spill size of 1,000 barrels and an initial
infiltration into the ground to a depth of 1 decimeter .
about 1,600 meters square or approximately 0.4 acres would 2 -
be immediately affected. The exact coverage depends on soil
types, viscosity of oil, pipeline pressure, soil moisture,
and other factors. 1In a spill of this size oil would pro-
bably reach the water table. Slow discharge into nearby
bodies of water via water table transport could occur. The
spill could be a source of low level contamination for an
indefinite period which might exceed several years. Releases
into navigable bodies of water can be prevented by a trench
dug near the point of entry into such a water body. When
0il collects in the trench (generally after rains), it can
be pumped off.

w

Effects of Cleanup Operations: Containment and cleanup
operations of oil spills into the harbor from tankers and

at dock facilities and spills from oil pipeline ruptures are
the overall responsibility of the polluter. The U. S. Coast
Guard must be notified whenever a spill occurs and an On-
scene Coordinator oversees cleanup operations and takes
whatever steps necessary to assure appropriate cleanup pro-
cedures are implemented. Biological effects of cleanup
operations are minimal. Emulsifiers and other chemical




agents have been virtually discontinued and the require-
ments that use of such agents must be Coast Guard approved
on the scene “! suggests that cleanup operations would not
adversely impact the environment. Mechanical removal pro-
cedures (booming, skimming and pumping) can be expected

to ameliorate the potentially harmful effects of an oil
spill and should not be a source of negative biological
impact. '

Cleanup operations in marshes, prairie, and on beaches could
involve removal of damaged vegetation and dead animals.

0il might be removed from beaches by scraping off the

oily sand and disposing of it or removing the oil in
separators. Burial can have an impact on the specific

site used to dispose of such material. It is assumed

that chemical cleansing agents would not be used in these
situations.

3.7.3 Fires angd Explosion on Site

An an2lysis of the available fire and explosion data
associated with petroleum production, storage, and
transportation (for example, USGS data) indicates that

almost all major fires and explosions are in conjunction

with high pressure situations or blowouts.“? oOnly during the
core hole drilling phase does this danger exist in the program,
and even during this phase, it is only a remote possibility.
The more probable occurrence is that of minor fires caused
during repairs or maintenance, or caused by overheated engines
or leaks onto hot surfaces.

E
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The impact on the environment of such fires would generally
be a temporary release of smoke to the atmosphere. It is
unlikely that any crude or brine spill into the environment
waild occur because of the protective measures such as
levees. Even in conjunction with OCS production, where the
risk of environmental release is greater, from 1968 to 1975
only two fires or explosions not associated with blowouts or
high pressure operations resulted in oil spills (one of 100
barrels and one less than a barrel). Although it is rare
for crude spills to catch fire, if a 100 barrel spill did,
the following emissiogs would occur: CO, - 34,000-34,700
pounds; SO3 - 62-3,400 1lbs (SO02 emissions vary depending on
emitted H2S concentrations); and NOy,~ 66-1,000 pounds.*3



Actually, since combustion is incomplete, certain quantities
of petroleum would vaporize, and carbon particulates, carbon
monoxide, nitrous oxide, and sulfur monoxide would be
formed. The weather conditions at the time of the accident
would influence the exact amounts. This would degrade the
air quality for a short time.

3.7.4 Accidental Injury .

In incidents recorded by USGS from 1968 through 1975, a
total of 15 people were killed (9 in a single explosion) and
42 injured in some 20 injury or fatality causing OCS
accidents that d4id not entail high pressure or blowout
circumstances.*? sShip specific incidents are not included.
Again, offshore operations are more dangerous because the
compact work area on a platform causes activities to be
performed near one another that from a safety standpoint
should not be. Considering these factors and the number of
0OCS operations during the 8 years of recorded data, the
probability of accidental injury or death appears to be
minimal with respect to the SPR Program at this salt dome
site,

3.7.5 Natural Disasters

Natural disasters that may cause a problem in conjunction
with this project include hurricanes, tornadoes, high

winds, lightning, and floods. A major hurricane passes
through this area about every 4 years."* wWinds at the

site may exceed 125 miles per hour during hurricanes.

Heavy rainfall and local or regional flooding are
aggravating factors. Tornadoes often accompany hurricanes.®S

w

™

In event of a severe storm, the probability is high that power
supply lines might be affected and the various buildings or
water supply and discharge lines might be damaged. All pipe-
lines are buried, however, and the oil in underground storage
cavities would be safe. Wellheads could be damaged which
might cause some loss of crude.

The storage integrity of the facility would not be threat-
ened by a hurricane. Sufficient warning is always avail-
able so that 0il transfer would be stopped and surge

tanks filled for maximum strength. Oil pipelines are
buried. The largest potential o0il spill would be caused
by a wellhead rupture that could release about 100 barrels.
This o0il would be widely dispersed by the high winds and
rain.
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Tornadoes which are not associated with hurricanes could
be more hazardous because of the surprise factor. It is
possible that such a tornado could strike one of the

large oil surge tanks hnear the dock and cause a major

oil loss during oil transfer operations. The risk of
such an event could be given a conservative upper bound as
follows.

Tornado frequency in this area is about 3 tornadoes per
10,000 square miles per year.%¢,%7 Assume that all of

these events are unexpected so that oil surge tanks are

not filled in advance. Thom“® computed a mean ground

track area of 2.8 miles2 per tornado. Howe“® has re-
computed ground track area by state and region and has
estimated 0.94 miles2 per tornado in Texas. The probability,
p, of a point in Texas being struck by a tornado in one

year is:

P = 3 tornadoes/yr - 0.94 mi2/tornado/10,000 mi2

or

L

p = 2.82 - 10-4 per year.

Over the projected 25 year facility life, the probability
of exposure to a tornado. is 0.0071.

In the event a tornado should strike the surge tanks, these
floating roof tanks are designed to withstand 100 miles per
straight winds when empty. A special strong wind design
against 125 miles per hour winds is available. Both designs
are much stronger when filled. Operators try to fill the
tanks to at least 15 feet when a hurricane threatens.?

The Explorer Pipelines Glenpool Tank Farm in Oklahoma is
believed to have been struck 3 times by tornadoes.3? Four
tanks which were empty buckled. No o0il residue escaped.
However, it is possible that a large tornado could buckle

a full tank, or that tornado winds up to 300 miles per hour
could cause missiles such as rocks or trees to penetrate
the tank wall. Should a break occur, the oil would be
trapped within the diked area except for that portion picked
up and dispersed by the wind. The maximum quantity of oil
which could be picked up by the tornado is unknown, but
should not exceed the magnitude of spills due to pipeline
breaks.



3.7.6 Cavity Collapse

The inherent characteristics of solution mined caverns
make them one of the safest possible means for crude oil
storage. The plastic nature of salt at the temperatures
and pressures present permit the caverns to withstand
shock forces far in excess of any earthquake known to
have occurred in the Gulf Coast region. Although cavity
collapses have occurred in this region, these collapses
seem to have occurred as a result of factors such as
uncontrolled leaching adjacent to the caprock, with sub-
sequent subsidence of the unsupported overburden.31

A number of factors affect the stability of cavities in

salt domes including: cavity depth, diameter, and tempera-
ture; dissolution; and proximity of the salt dome boundary
or other cavities. These factors were considered in
selectinag the cavities proposed for development in the

SPR Program. Further information concerning the configuration
and stability of the Bryan Mound cavities can be found in
Appendices G and H.

For existing cavities, the major factor is changes in
proximity to salt dome boundaries or multiple cavities.
Since cavities used for oil storage grow approximately 15
percent during each cycle of £ill and withdrawal due to
dissolution of salt, it may be necessary to control growth
of the cavity in some cases. This may be accomplished in
the upward direction by maintaining a blanket of oil near
the cavity ceiling and may be controlled in all directions
by using saturated brine rather than fresh water as the
displacement fluid.

w

The proposed storage caverns use a blanket of crude oil
to control growth in the upward directions, (see Figure
3.9). The location of the oil-brine interface may be
monitored by any one of several available instruments

such as sonic interface detection, nuclear logging, and
0il column pressure gauging. One or more of these devices
would be utilized to monitor the oil-brine interface.

Thus the level of the oil-brine interface can be con-
trolled to preclude upward leaching. However, as may be
noted from Figure 3.9, the physical arrangement of the
well casings prohibits withdrawal of oil above the loca-
tion of the annulus through which the oil is withdrawn.
Thus an oil blanket would always be present in any
leached spaced above the location of the annulus. This
provides a fail-safe design not subject to operator error.
Casing cement failures at upper levels (for example the
16" @ 2500' in Figure 3.9) would be easily detected and
repaired using standard techniques.
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4. PROBABLE ADVERSE ENVIRONMENTAL EFFECTS
WHICH CANNOT BE AVOIDED

4.1 SUMMARY

Abstracted from the preceding discussions and shown in Table

4.1 are the anticipated environmental impacts of the construction
and operation of the proposed Strategic Petroleum Reserve storage
program at the Bryan Mound salt dome. Also listed are the causes
of the impacts, the mitigative measures available to lessen their
effect, and the unavoidable impacts which would still result even
if the mitigative measures were employed. Although environmental
impacts of extreme severity are not present, several unavoidable
disturbances would result. The most significant effects are dis-
cussed briefly in this summary.

Construction Impacts

Pipeline construction operations would be the principal
contributor. to impacts on undeveloped land and the sur-
rounding ecosystems. Approximately 18 acres of marshland
involved in pipeline construction would be disturbed

and may take several years to recover. This would result
in a loss of marshland productivity of about 1.1 x 108
g-dry wt./year, for the first year and something less
than this in consecutive years until complete marshland
recovery is established. Considering the extent of
marshlands in Brazoria County, the impact of these pipe-
lines is minor. Mitigation measures include topsoil
restoration and replanting.of affected areas.

The construction of new wellheads, surge tanks, pipe-
lines and further development of the storage site itself
would involve the temporary disturbance of existing
grazing land as well as forcing resident wildlife to
emigrate to more tranquil settings uritil this additional
human activity ceases. No intolerable interruption of
Dow Chemical Company's operations on the site would be
noticed.

The proposed on~site construction of four 400,000 barrel
crude oil surge tanks could cause some cbncern because the
possibility exists that the weight of these large tanks
would induce local subsidence. Should any significant
amount of subsidence occur the strength and integrity

of all tanks involved would be decreased and may result
in undue risks of oil leaking. Any cil leakage from any
of the several tanks on site and at the dock would be
retained by the dikes around the tanks, which would be
built to hold the full volume of each respective tank.
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Operational Air Quality Impacts

The handling of crude oil in general results in temporary,
localized increases in hydrocarbon concentrations at the dock
facilities. As shown in Table 3.6, these concentrations may be .
very high during loading and unloading operations. However, '
these worst-case concentrations would be reduced if vapor recovery
systems for tanker loading and unloading were installed.

Emission control technology for marine terminals require

three systems: (1) a ship-side vapor collection system, (2)

a shore-side collection system, and (3) a vapor control

gnit. The vapor control unit represents the key consideration

in emission control technologies, and there are several

units which are currentlv used in the petroleum ,industry, although
they are nct generally used for marine terminal and oil transfer
operations. Incineration and refrigeration would be the most
appropriate methods for the Bryan Mound dock facilities.

The shipboard vapor collection system would convey the
hydrocarbon vapors to the shore-side system, with both
systems having collection efficiencies between 90 and 95
percent. These vapors would be incinerated via an elevated,
smokeless flare. Smokeless flares convert the hydrocarbons
to carbon dioxide and water with better than 99 percent
efficiency. Flaring these gases can create sulfur dioxide
and nitrogen oxides if sufficient sulfur and nitrogen are
present in the vapors. These combustion by-products can be

removed with at least 90 percent recovery by scrubbing the gas :F
with water. The overall efficiency of a collection- ' E

incineration emissions control system is greater than 95

percent. .
Refrigeration of the collected hydrocarbon vapors results in

the liquification of the vapors which can then be reinjected

into the crude oil at the marine terminal. This recovery

has been shown to be greater than 90 percent efficient.

Should reinjection not be feasible, the recovered vapors can

be used for fuel or sold to petrochemical industries. The

overall efficiency of such a vapor recovery system is about
86 percent.

Hydrogen sulfide levels are expected to be minimal since most
crude expected to be delivered would have weathered sufficiently
during transit to substantially reduce these emissions.

Pipeline Accidents

Crude oil spills, with a median wvolume of 1,000 barrels!
along the buried pipeline routes would result in an initial
infiltration of ten centimeters into the surrounding soil.
This infiltration would result in approximately 0.4 acres
of land area being affected. Over a period of years the
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0il contamination of this area would decrease due to
degradation of the crude and dissolution due to the heavy
annual rainfall in the area. Some quantity of any oil
spilled from a pipeline failure would reach the water table
and consequently migrate with the natural water migration.
This can result in a low level contamination of nearby
water bodies for a duration of several years. The U.S.
Coast Guard recommends digging trenches at the point of
entry into the nearby waterbody (Freeport Harbor and Brazos
River) to mitigate the effect of this contamination. The
0il is then collected from these trenches as it migrates
towards the larger water bodies. 0il migration is enhanced
by heavy rainfalls and thus the location of the point of
entry into either of these water bodies would have to be
determined fairly rapidly after spills of a significant size.

The effect of such an underground pipeline spill on soil
organisms in the immediate vicinity would be drastic.
Organisms such as mites, spring tails, nematodes, earthworms,
etc., would be killed locally. It is not anticipated that

the soil organisms in the path of the oil migration in the
water table would be as drastically affected since the con-
centrations of crude oil factions would be increasingly
diluted with time, rainfall, and distance the oil is from the
spill site.

The only above ground pipelines would be at the storage site
and at the dock. Should a spill occur above ground it is
readily detectible by inspection and the magnitude of such a
spill is on the order of barrels (rather than thousands of
barrels). These spills are mitigated by containment and
rapid cleanup, leaving negligible environmental damage
behind. .

Tankships 0il Spills

The probability of tankship spills ranging from less than

300 barrels to greater than 10,000 barrels (for 228 trips to
transport 58 x 106 barrels) is estimated to be from 3.31 x
104, to 3.01 x 10~4, respectively. The total expectation
quantity of crude spilled is 331 barrels for the fill of the
cavity to 58 x 108 barrels, with 228 tankship trips. The
highest probability is 2.15 x 10-3 for a spill volume between
3,000 - 10,000 barrels. Over the life time of the program,
assuming five fill and drawdown cycles the total expectation
quantity of oil spilled is 3,300 barrels. The total spill
volume expected over the lifetime of the project reflects

the low probability of such spills, but does not reflect the
anticipated median quantity of such a spill, 5,300 barrels/spill,
should it occur.

Should a spill of median expected volume occur on open
water, an oil slick, uncontained, could cover {(in 24-48
hours) 3,850 acres assuming no currents, wind or obstacles.
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Depending on the weather conditions and the rapidity of

containment and clean~up operations, oil slicks could cover

a significant portion of the Freeport Harbor and Entrance .
Channel. If a spill occurred outside the Freeport jetty,

the beach south of Freeport could be contaminated by the oil

due to the strong westerly currents. Spills at the dock

facility would be contained primarily by marsh grasses and

the banks of the river. Mitigation measures include con-

tainment and rapid cleanup.

The ecological impacts of a major oil spill {1,000 barrels

or more) would probably be most significant to the eggs and
larvae populations of many benthic organisms, including
oysters, shrimp and crabs. Large, concentrated quantities

of submerged crude oil are necessary to produce direct
mortality, and this situation is unlikely. What is more
likely is the direct ingestion of submerged crude factions
into body tissues by the oyster. This greatly decreases

the taste and hence the commercial value of the oyster.

Direct fouling of suitable substrate for larval settlement

is expected to be short term in the event of a spill.

Direct contact of the less mobile, benthic organisms with

oil is unlikely, however, settling could reduce the food
supply. A general increase in the background level of

oil contamination in the bottom sediments would result,

as well as a disruption of the community structure in the
benthic communities effected by an o0il spill. Sea urchins,: p
starfish and other subtidal and intertidal benthic inverte- §°’
brates would recover from the effects of an oil spill by
immigration and thus re-establish populations. .

Tainting of fish and fish ingestion of crude 0il is known
to occur after a significant oil spill. Tainting persists
for several months and ingestion may cause the fish to

taste "oily." Both of these effects reduce the commercial
value of fish.

Marsh vegetation appears to withstand light to moderate oil
contamination. Short term effects are generally the death
of oiled soots, reduced germination of contaminated seeds
and consequently the reduction in annual species. Recovery
is relatively rapid, taking less than two years. If more
than four oil spills (1,000 barrels) occur within a two to
three year period, substantial marsh vegetation mortality
is sustained and recovery is retarded. The occurrence of
spills of this magnitude and frequency is unlikely as wit-
nessed by the low frequency of spills in the Freeport Harbor
and its Entrance Channel and the Gulf Intracoastal Waterway
to date and the expected fill and refill frequency of the
SPR program. Mitigation measures include rapid cleanup and
removal of oil coated vegetation and oil saturated soil.
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Table 4.1 Summary of Primary Environmental Impacts, Mitigation Procedures and Unavoidable Envixonmental Effects

PRTIMARY IMPACT
Land Features & Use

1. 37 acres of industrial-
ly developed (Dow Chemical)
land disturbed

2. A3 acres of previously
developed land disturbed

3. Possible subsidence
on the dome around the
400,000 bbl storage tanks

4. 18 acres marshland,

26.4 acres coastal prairie,
68.4 acres of developed land
will be temporarily dis-
turbed and maintained

5. Contamination of soil
to 10cm depth from buried
pipeline spill of 1000
bbl, covering v 0.4 acres

CAUSE MITIGATION
~-construction & opera- -none

tion of new entry wells,
pump facilities, stor-
age facilities &
structures

~construction of ~none
ballast treatment

facilities at Seaway

Dock site

~-previous sulfur mining - none
on the caprock could

.lead to subsidence in

the immediate vicinity
of the tanks and the
possible compaction

of subsurface aquifers
could enhance the subsi-
dence

-construction and opera- -none
tion of the brine and
crude oil pipelines

-buried pipeline spill -none

=

UNAVOIDABLE IMPACT

-game as primary impact

-same as primary impact

~same as primary impact

-same as primary impact

-gsame as primary
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Table 4.1 (continued)

PRIMARY IMPACT

Water

1. Temporary increase in
turbidity as far as
one mile down stream from
dredge on Brazos River
(Turbidity increases to
1000"')

2. Minor alterations of
surface runoff on the dome

3. Elevation of hydrocar-
bon({oil and grease) levels
in surface water bodies

CAUSE

-dredging for pipe-
line crossings

- strong currents
~weak currents

-manmade well pads,
levees and roads

~pipeline or loading/
unloading oil spills
on land, where oil is
carried to water bodies
due to runoff

-slow release of oil
from buried pipeline

spill, as it migrates
with water table

mw

MITIGATION

~ugse hydraulic dredging
techniques

=-none

-rapid and effective
clean-up

-dig trenches at point
of o0il entrance to water
body & collect and dis-
pose of oil

UNAVOIDABLE IMPACT

-less than primary impact

-game as primary

-less water con-
tamination

-less contamination
of water bodies
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Table 4.1 (continued)
PRIMARY IMPACT

Air Quality & Noise

1. Releases from a 100
barrel fire: (assuming
complete combustion)
CO3z: "*34,000-34,700 pounds
S02: 62-3,400 pounds
(depending on
HoS content)
NO: 66~-1,000 lbs.

2. Total hydrocarbon
concentrations will be
noticeably elevated out
to 1 km. within a ~200 m
strip. Reactive species
will be well below Federal
and State Standards

3. Total hydrocarbon
concentrations will be
significantly-elevated,
up to 57,700 ug/m3 at .5
km from the dock.

4. Potential local increase
in hydrogen sulfide concen-
trations near the dock if
the crude oil transferred
is not weathered, sour crude

5. Temporary noise levels
of >55dBA out to 500 feet
from pipeline construc-
tion site

CAUSE

-on site fire

-paint solvent emissions
from spray painting
storage tanks
-meteorological conditions
representative of 5% of
the time in the area

~tankship loading
and unloading
operations

~tankship loading and
unloading operations

~construction of brine
pipeline from the dome

to Dow's B Plant, passing
near developed areas of
Freeport along Brazos
River P

i

MITIGATION

~extinguish fire
immediately
-contain fire to
smallest possible
area

-use water-based,
rubber-based or
latex paint

-vapor recovery
system on tankship
and at terminal
tank connections

~vapor recovery
system designed to
scrub for H,S

-none

UNAVOIDABLE IMPACT

reduced releases to
atmosphere,
primarily incomplete
combustion residues
as smoke and soot

-reduced releases
of hydrocarbons to
local atmosphere

~some hydrocarbon
concentrations will be
elevated in the near
vicinity of the dock,
however 95% will be
contained and little if
any will be precursors
to smog formation

less significant H,S
releases

-any activity within 500
feet of pipeline construc-
tion will experience a
temporary increase in day-
time ambient levels




Table 4.1 (continued)

PRIMARY IMPACT

Species & Ecosystems

1. Minor reduction in phyto-
plankton production and the
elimination of some benthic
organisms in the Brazos
River

2, Some loss of planktonic
organisms, some larval
fishes and benthic organ-
isms from impingement and/
or entrainment on displace-
ment water intake screens

3. %36,000 1b-C/yr of dense
grass flats productivity
lost and % 2.02x10° Kcal/
yr of coastal prairie pro-
ductivity lost

CAUSE

~increase in turbidity
due to dredging opera-
tions

~increase in turbidity
due to increased tank-
ship traffic

-increase in surface
water run-off from
clearing and general
construction activi-
ties at the dome site,
dock facilities and
pipeline corridors

-displacement water
intake in Harris and
Brazoria Reservoirs

-construction acti~
vities on the Bryan
Mound Dome

i

MITIGATION

-uge hydraulic dredging
techniques

-none
~replant cleared surface

-replant cleared surface
with rapid growing native
vegetation

-construction and proper
maintenarice of drainage
systems

-clean screens frequently
to maintain minimal in-
take velocity

~none

UNAVOIDABLE IMPACT

less than primary impact

reduced ‘impingement
of organisms

-gsame as primary impact
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Table 4.1 (continued)

PRIMARY IMPACT

Species & Ecosystems

4. Minor elimination of
transient aquatic organisms
supported by dredge banks

S. Temporary disturbance of
wildlife habitats and mi-~
gration of mobile animals
from area. (Small mammals,
birds and reptiles will
return within several
months of completion)

6. Creation of small ponds
potentially supporting a
highly productive aquatic
habitat

7. Forced migration of

mobile organisms supported
by marshland bottom sedi-
ments and the destruction

_of immobile benthic fauna

from V1/2 acre of benthos
habitat dredged in the
Brazos River. (Recovery
will begin within one to
two months after comple-
tion of pipeline burial.)

ChusE

~digpogal of dredg-
ing material

~-pipeline construc-
tion
~dock construction

~construction on dome
-noise

MITIGATION

~none

=none

-none

=none
-none

-ponds created from re- ~drain any standing
moval of previously de-~ standing water
posited dredge material

for dike construction

~dredging in Brazos
River for pipeline
burial

-none

caw

heh

UNAVOIDABLE IMPACT

-same as primary impact

~game as primary ippact

~no impact

-same as primary impact
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Table 4.1 (continued)

PRIMARY IMPACT

Species & Ecosystems

8. Possible hazard to all.
avian & aquatic wildlife,
in particular the endan-
gered species

Peregrine Falcon, Brown
Pelican, Southern Bald
Eagle, Ameri-

can Alligator, Texas
horned Lizard, Atlantic

Ridley Turtle, Leather back

Turtle, all thought to be
in the general area.

9. % 1.1x10%-dry wt./yr
marshland productivity
lost and Vv 2.64x10° Kcal/
yr of coastal prairie pro-
ductivity lost (vegetation
is expected to return to
corridor within one year)

10. Planktonic organisms
could be temporarily
stressed and possibly
destroyed by a substan-
tial oil spill. (re-
production is rapid &
communities should re-
establish in short
periods of time)

CAUSE MITIGATION

-0il spill in the Free- -rapid containment
port Harbor and and clean-up of a

Entrance Channel spill
of substantial gize

(> 1000 bbl)

-construction and -none

burials of brine and
oil pipelines

~o0il spill on water -rapid clean-up
(duration and size of and containment
spill will determine

extent of destruction

of planktonic organisms)

UNAVOIDABLE IMPACT

-less than primary impact

-game as primary impact

~less than primary
impact
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Table 4.1 (continued)
PRIMARY IMPACT

Species & Ecosystems

11. Destruction of the
eggs and larvae of many
benthic organisms (includ-
ing oysters, shrimp and
crabsg) and zooplankton

12. Tainting of fish and
fish ingestion of crude
oil

13. Contamination of
soil and vegetation;
death of heavily coated
living root shoots

14. Birds and mammals may
drown, die from pneumonia,
starve due to increased
metabolism due to loss of
body heat or be poisoned
from ingestion of oil

from preening

15. Plants and soil

animals in immediate
vacinity of pipeline

spill would be obliter-
ated (e.g. spring tails,
mites, nematodes,earthworms,
etc.)

CAUSE

-settling of oil from
o0il spill and subse-
quent contamination
of bottom sediments,
and smothering of
organisms

-0il spill on water

‘-0il spill reaching

marshes and oil spills
from pipelines

-birds and mammals
coming in contact
with oil mass from
spill

:loss of feathers or
fur insulation capa-
bility

:loss of bouyancy

-spill from buried
pipeline

miw

MITIGATION

-rapid clean-up and
containment

-rapid clean-up and
containment

-rapid clean-up removal
of coated vegetation
and heavily saturated
soils ’

~rapid. cleanup and
containment
~attempt to remove
oil from involved
animals

~“none

UNAVOIDABLE IMPACT

-less significant

impact on sensitive re-
production grounds for
oysters, shrimp & crabs

~tainting persists several
months and ingestion may
degrade taste of fish and
change the commercial value

~death to heavily coated
vegetation, destruction
by removal

-birds with feathers that
have come into contact
with oil have about a 20%
survival rate after
treatment to remove oil

-rapid degradation by
soil bacteria, fungi
algae will minimize
duration of impact
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Table 4.1 (continued)

PRIMARY IMPACT

Socioeconomic

1. 10 new, permanent
jobs created, possibly
filled by Dow Chemical
employees

2. Circulation of workers
income in Freeport area &
Brazoria County

($150,000 to $200,000/
month for first 12 months)

3. No new businesses
generated

4. Loss of about $15,000

per year to county treasury

from tax on site equipment

CAUSE

~ongoing maintenance
of SPR

-contractors in the
county will be sought
for construction opera-
tions

-most of these people
live in Brazoria County

-short duration of con-
struction requirements

-federally owned equip-
ment and materials
would be tax-exempt

Rt

MITIGATION

-none

-none

-npone

~tax revenues locally
and for the State of
Texas will accrue from
workers income and
purchasing exercise

UNAVOIDABLE IMPACT

-same as primary impact

-same as primary impact

-game as primary impact

-net tax gain of $5,000
to $10,000 in first year,
followed by annual net
tax loss of about $12,000
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Table 4.1 (continued)

PRIMARY IMPACT

Socioeconomig

5. Possible delay in the
reemployment of skilled
laborers at the comple-
tion of construction
activities and the con-
sequent migration of
laborers out of the
area :

6. Possible increase in
road maintenance cnsts
to Brazosport area and
Brazoria County and to
Dow Chemical Company

7. Increased responsibility
to assure the security

of the facilities and

to respond to fire

dangers

CAUSE

-short duration
(12 mos) construc-
tion demand of the
project

-increased traffic
to and from Bryan
Mound

-operations of the
facility during
storage and drawn-
down phases

mw

MITIGATION

-none

-federal lease payments
would compensate for
maintenance costs on
Dow Chemical Company
roadways

~SPR emplioyment

of security personnel
and fire fighting
capabilities

UNAVOIDABLE IMPACT

-same as primary impact

-ghort term increased wear
on county and state roads
during construction

~reduced demand on local
police & fire departments




L ASd 4

Table 4.1 (continued)

PRIMARY IMPACT

Accidents & Natural Disasters

1. bDamage to the facility
structures and equipment

2. 108 probability of a
crude oil pipeline acci-
dent, with expectation
volume spilled of 4.3
bbl; mean spill size

of 1000 bbl.

3. A median oil spill

of 5300 bbl, could re-
sult in N3850 acres of
surface water involved

in the spread@ of the oil
slick within 48 hrs. at
Freeport Harbor and its
Entrance Channel if spill
is uncontained

ChusEs

~hurricane

~rupture of pipeline
and concurrent de-
tection delay or
failure, and fail-
ure of shut-off
safety system

~vessel casualty in
Harbor or Entrance
Channel

-

MITIGATION

-empty crude and brine from
all pipelines, settling
tanks, surge and storage
tanks & weight tanks down

-place all down hole safety
devices in safety position

-maintain monitoring opera-
tions with standby battery
powered electrical systems

~have a manually operated
remote control to disconnect
all electrical power from
facilities

~-frequent monitoring of
pipeline route & pressure

~during storage phase,
empty all crude from
pipeline system

~rapid clean-up &
containment of the spill

UNAVOIDABLE IMPACT

-reduced structural damage
to buildings

-reduces the risk of an
oil leak

~less than "V3s probability
of pipeline spill if oil

is not in the pipeline system
during fill and withdrawal

operations

-reduced slick size if
contained within 12-24
hrs. after spill
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Table 4.1 (continued)
PRIMARY IMPACT

Accidents & Natural Disasters

4. A median oil spill of
5300 bbl during strong ebb-
ing tide could result in
some of the slick being
carried outside the

jetty at Freeport Harbor

5. 0il spill outside the
Freeport Harbor jetty
would result in oil con-
tamination of the beach
south of Freeport due to
strong westerly

currents in the area

6. Rupture of surge

tanks and consequent re- °
lease of oil; oil would
be contained by dikes, or
some oil could be dis-
persed by tornadoes

7. Buckling of empty
surge tanks

CAUSE

-vessel casualty in
Harbor or Entrance
Channel

-vessel casualty out-
side the jetty
~-vessel casualty

in the harbor or
entrance channel
during strong

ebbing tid-s

-possible rupture from
missiles carried by
very severe tornadoes

~-possible severe tor-~
nado and/or hurricane

i

MITIGATION

-rapid clean-up and
containment

-rapid clean-up and con-
tainment before spill
reaches the beach

~none

-£111 tanks at least
to 15 feet for added
strength & integrity

UNAVOIDABLE IMPACT

~reduce risk of oil
being carried outside
the jetty

-reduced minor beach
and water contamination

-gsame as primary impact

-reduced damages




4.2 CONSIDERATIONS OFFSETTING ADVERSE ENVIRONMENTAL EFFECTS
OF THE PROPOSED ACTIVITY

The United States possesses abundant natural resources and yet
is dependent upon the importation of large quantities of fuels.
It has become increasingly dependent upon petroleum imports,
which now constitute approximately 35 to 45 percent of the
nation's oil consumption and account for 20 percent of the
total domestic energy usage. In 1974 the annual cost of these
imports was over $25 billion.

In the past twenty-five years, the United States has experienced
four sudden denials of oil imports for various reasons by oil-
exporting countries. Not, however, until the oil embargo of
1973-74 did the nation find itself without the capacity and
resources to offset the interruption of oil imports, This
embargo reduced the quantities of petroleum exported to the
United States by approximately 2 million barrels per day for

19 weeks and caused world prices for crude oil to escalate.

Although the economic impacts of these events on the United
States economy are still under study and debate, most of the
macroeconomic study estimates of the repercussions of supply
denial and simultaneous price increases tend to indicate a Gross
National Product (GNP) loss of approximately $35-45 billion.l/2
Although not all of this GNP loss can be ascribed to the embargo,
the interruption contributed significantly to increases in the *F
consumer and wholesale price indices. In addition, the GNP loss¥
was reflected in higher unemployment and stagnation in several
sectors, including automobile sales and housing starts, which
exacerbated the economic downturn believed to have started in
late 1973. During this period, the embargo prevented real growth
that probably would have stabilized unemployment and provided a
stronger base for eventual economic recovery.

The United States is now more vulnerable to a petroleum supply
interruption than it was in the fall of 1973. 1In responding to
that interruption, many relatively easy steps to conserve energy
were taken, and significant improvements in energy efficiency
have been achieved. Higher energy prices, natural gas shortfalls,
and continued uncertainty about the availability and prices of
alternative forms of energy have induced many energy users to
restrict their energy consumption and emphasize more effective
energy management practices. However, additional improvements
will require substantial investment, longer lead times, and

even more intensive energy management. Moreover, the program to
convert oil- and gas-fired utilities and industrial plants to
coal will have converted many plants to coal, which will largely
preclude further conversion to coal during a future supply
interruption. Some estimates have shown that a future supply



interruption of the magnitude of the one in 1973-74 could cause

a reduction in GNP that, in terms of employment impact, would

be equivalent to the loss of jobs for 2 million workers. Economic
effects would not be limited to some geographical areas or
industries but would affect the entire nation.

Standby supplies of petroleum have been proposed repeatedly as

a way to buffer the impact of future supply interruptions. The
National Petroleum Council (NPC)3, Ford Foundation,® and the
Energy Laboratory at the Massachusetts Institute of Technology
MIT)2 have all recommended this action. In addition, the
International Energy Program (IEP) agreement, which the United
States has entered into with 17 other energy importing countries,
provides for the establishment of this type of reserve. Although
the western European countries and Japan have developed stock-
piles, the only appreciable stocks in the United States are
working inventories.

The concern voiced by these organizations as well as the public,
in addition to the nation's formal commitments to the IEP,
provided strong impetus for passage of the Energy Policy and
Conservation Act of 1975 (P.L. 94-163), which provides for the
creation of the Strategic Petroleum Reserve. The Bryan Mound
ESR storage facility provides 58 million barrels of the SPR
requirement.

e
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5, RELATIONSHIP BETWEEN LOCAL SHORT TERM USES
OF THE ENVIRONMENT AND MAINTENANCE AND
ENHANCEMENT 9OF LONG TERM PRODUCTIVITY

The Bryan Mound site has been extensively used for brine
production and storage of liquids and gases by Dow Chemical
for many years. The commitment of the dome for long term
storage of crude oil would preclude all further use of that
part of the salt dome in proximity of the storage site.
However, at the present time, most of the brine operations
have been reduced or halted at Bryan Mound in favor of
development of the larger Stratton Ridge dome which is also
owned by Dow. Additionally, the large number of salt domes
in or near the Gulf of Mexico that are available for com-
mercial exploitation, and the quantity of salt at these
alternative sources, make it unlikely that the use of the
Bryan Mound dome would curtail future salt or brine produc-
tion.,

The present system design calls for no leach water or brine
disposal during site preparation and construction. Dis-
placement water and brine disposal associated with facility
operation would be supplied by or processed through the Dow
Chemical system. Therefore, there would be minimal impacts
on area wakter systems.

‘As a result of land changes due to levee construction,
additional successional habitats may be created which would
add to the diversity of species in the vicinity of the site.
Retention dikes surrounding the tank farm and storage
facility would create an area suitable for some bird species
which may otherwise nest and feed in upland regions. At
times of high water, these levees could provide limited
refuge for wildlife. The construction of the pipeline and
ballast water treatment system would remove some marsh land
productivity. Most of this would be restored within 2 years
of completion of the project. That small portion which
would be permanently altered is not expected to cause a
significant reduction of the long term productivity of the
area.

The most noticeable short term effect would be increased
demand on supplies for drilling rigs and for pipe and sheet
metal needed for the construction of the storage facilities.
This impact should be offset by the long term security of

w



having a supply of crude oil available to maintain required
flow rates to refineries in the local area. The migration
of workers to the project area during 